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PRESCRIPTION 

FOR 

WEIGHT 

CONTROL... 

Voi-Shan weight/master hex nuts combine a 
considerable saving in weight together with 
a carefully engineered design that meets 
the needs of a wide range of industry 
requirements. 

Well-known Voi-Shan superior quality con- 
trol and production methods assure a con- 
sistent high reliability and effectiveness 
wherever weight/master is specified. Excess 
metal has been removed without loss of full 
performance. 


■ 




weight/ master hex nuts 



For information on these and other Voi-Shan 
fastening products write to: 

VOI-SHAN 

VOI-SHAN MANUFACTURING COMPANY 

8463 Higuera Street, Culver City, California 


ANOTHER "PLUS" FROM GOODYEAR AVIATION RESEARCH 



First, consider this: Goodyear builds more long- 
roll-life airplane wheels than all other wheel manu- 
facturers combined. It’salso a fact that more aircraft, 
the world over, rely on Goodyear Aviation Brakes 
than any other kind. Among the new aircraft that 
depend on Goodyear Wheels and Brakes: Grumman 
-A2F-1, W2F-1, YAO: North American - T2J: 
Convair— B-58. 880,- Republic— F-105; Lockheed— 
JETSTAR; Fairchild— F-27. 


What's the secret of this 
overwhelming preference? 
From Goodyear engineering 
leadership, dating back to 
1909 when Goodyear built 
the world’s first airplane tire, have come wheels of 
the greatest strength and longest roll-life per pound 



of metal ever made. It has also produced the famous 
disc brake, a pioneer Goodyear development which 
has set the pattern for more efficient braking in a 
host of fields. 


Latest Goodyear advances include the Tri-Metallic 
Brake and forged aluminum and magnesium 
wheels— all unmatched for weight-savings and 
dependability. 


Tcrafl— there’s 



;t wheel 


i for i 


from Goodyear, first 
in its field for SO years! Write 
for full details. Address 
Goodyear, Aviation Products 
Akron 16, Ohio, or Los Angeles 54, 


PRODUCTS BY JZZJL - 

GOOD-YEAR 








the farther the "reach” 
the more critical precision becomes 


Today’s missiles demand tight accuracy because a ten-thousandth of 
an inch functional error can cause failure to reach the target a continent 
away. And when you’re reaching toward a target almost a quarter of 
a million miles away, precision becomes even more critical! 

Ex-Cell-0 is in the accuracy business, meeting today's unprecedented 
demand for precision by building into every part, every assembly, every 
machine tool an exactness that the aircraft industry has counted on for 



EX-CELL-O 

FOR 

PRECISION 


higher, safer, faster Hying for 40 years. 


MAN AND MISSILES FIT HIGHER. FASTER AND SAFER WITH PARTS AND 
ASSEMBLIES IT EMEU-0 AND ITS SUBSIDIARIES: BRYANT CHUCKING GRINDER 
GO.. CADILLAC GAGE CO., MICHIGAN TOOL CO.. SMITH REARING CO. 


EX CELL O I 


T>(u44iOK 


AVIATION CALENDAR 


Nov. 30-Dcc. 4— fourth Annual Naval Air 
Weapons Meet, Operation "Top Gun,’’ 
Marine Corps Auxiliary Air Station. 

Nov. 30-Dec. 4— First industry and govern- 
ment-wide training course in Value Engi- 
neering & Analysis. Industrial Education 
Institute, Boston. Mass. 

Nov. 30-Dcc. 4— Annual Meeting, American 
Society of Mcclianical Engineers, Chal- 
fonte and Haddon Hall Hotels. Atlantic 
City, N. J. 

Dec. 1-2— Symposium on the simulated alti- 
tude testing of rockets and missile com- 
ponents, USAF's Arnold Engineering De- 
velopment Center. Arnold Air Force Sta- 
tion. Tenn. (Classified; proper security 
clearance required.) Sponsors: ARO, 
Inc.; Space Technology Laboratories, Inc. 

Dec. 1-3— Eastern Joint Computer Confer- 
ence. Statlcr Hilton Hotel. Boston, Mass. 
Sponsors; Institute of Radio Engineers; 
American Institute of Electrical Engi- 
neers; Association for Computing Ma- 
chinery. 

Dec. 6-9— 52nd Annual Meeting. American 
Institute of Chemical Engineers, Shera- 
ton-Palace, San Francisco, Calif. 

Dec. 7-8— Classified symposium on "The 
Plasma Sheath. Its Effect on Communica- 
tion and Detection.” Boston, Mass. Spon- 
sor: Electronics Research Directorate, Air 
Force Cambridge Research Center. 

Dec. 7-11— National Conference on the Ap- 
plication of Electrical Insulation. Sliera- 
ton-Park Hotel. Washington. D. C, 
Sponsors: American Institute of Electrical 
Engineers; National Electrical Manufac- 

Dec. 8-9— First Aerospace Finishing Svm- 

E asium, Hotel Texas. Fort Worth, Tex. 
ponsors: Society of Aircraft Materials 
and Process Engineers; Dallas-Fort Worth 
Branch of the American Elcctroplaters 

(Continued on page 6) 
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The smallest, lightest, 

PRECISION TRIMMING POT 


on the market! 



FAIRCHILD TYPE 926-3/ s " DIAMETER TRIMMER 


% of an inch, 
lightest? . . . Although it weighs only 3 

metal wiper and 'contacts designed for high 
reliability. It is protected against dust and 
moisture by an *‘0" ring shaft seal. 


— is available in resistance ranges as hi; 
as 50K. Resistance values up to 150K ci 
be supplied on special order. 






Made to Order 


DETECT 
INTERNAL 
BREAKDOWN 
BEFORE 
IN-FLIGHT 
FAILURE 





LISLE 

CHIP 

DETECTORS 



CORPORATION 

CLARINDA • IOWA 


AVIATION CALENDAR 
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Jan. 25-28— 28th Annual Meeting, Institute 
Feb. 3-4— Sixth Annuai Midwest Welding 

Miff," 



mTKS 

of the 

■*.c^jssssf^sB 


JOSSST 
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Los Angeles. Calif. Cosponsors: National 
the Rand Corp. 

Sp.cc Age," An, trie. Ie.tilelc el Min- 



From General Motors . . . T< 

HIGH-LEVEL 

TRAVa 

DEMANDS 

SAFE-LEVEL 

TBVIPERATURES 





Just two will do... 

4340, 4620 General Purpose Steels 


These two General Purpose alloy steels can solve 
most of your steel selection problems. One a carbur- 
izing type . . . the other a through-hardening type — 
with just these two alloy steels you can satisfy prac- 
tically all your engineering requirements. 

Here’s your chance to standardize on materials. 
To simplify inventory and processing. To save 
money in purchasing, inventory, production . . . 
When you need through-hardening steel, simply 
specify 4340. It’s ideal for parts 
of any section size. It provides ex- 
ceptionally high strength and 
toughness. Responds reliably to 


'll - 

WAREHOUSE ASS N 


heat treatment. It’s weldable under proper condi- 
tions and machines at relatively high hardness. 
And when you want to carburize, simply specify 462 } 
steel. It resists warpage and distortion in her 
treatment. Responds reliably and uniformly, too. 
Provides a tough, strong core to support the hard 
wear-resistant case. 

Best of all, both are carried by Steel Service Cen- 
ters from coast to coast, ready for delivery right off 
the Shelf. If you need heavier-duty or special pur- 
pose steels for very particular applications, suitable 
nickel alloy steels are also available from your Steel 
Service Center. To get a buyer’s 
guide of centers that carry 4340, 

4620, and other nickel-containing 

grades, simply write Inco. JNCO. 

ICKEL COMPANY, INC. / 1 — \ 

New York 5, N. Y. trade mark 



No throttling losses 



SUNDSTRAND AVIATION 


Freedom from throttling losses makes the 
variable displacement type very attractive for 
a variety of aircraft and missile applications. 

As shown in the graphs at the right, the 
losses involved in normal operation of a 
fixed displacement motor are considerably 
greater than is sometimes expected from a 
casual estimate. 

Sundstrand Aviation is experienced in the 
development of both types of motors to meet 
the specific requirements of constant or vari- 
able speed applications. 

A new booklet discussing Sundstrand 
"controlled speed” motors is available upon 
request to the addresses below. 


with Sundstrand variable displacement 
hydraulic motors 








BRUNSWICK WINDS S-D RATIOS UP TO 2,000,000! 


You can get an idea of the remark- 
able power of Brunswick’s exclusive 
Strickland “B” Process (SBP) from 
the fact that it winds fiberglass fila- 
ment to a strength-density ratio of 
2,000,000. (The SD ratio of high 
strength steels is 800,000.) The 
hoop tensile values of these prod- 
ucts have averaged 200,000 psi, and 
their composite wall strengths 


range from 120,000 to 140,000 psi. 
SBP gives unmatched reliability 
and precision in the winding of 
structural elements, bodies, inter- 
nally and externally loaded vessels 
and large cylinders. The process 
provides unusually close machine 
resin impregnation control, and 
variable control of glass density. 
The winding equipment shown 


above will produce units up to 12 
feet long and 6 feet in diameter. 
With slight modifications, it will 
wind much larger units. 

Get more information on how 
SBP can serve you. Write or call: 
The Brunswick-Balke-Collender 
Company, Defense Products Divi- 
sion Sales Manager, 1700 Messier 
Street, Muskegon, Michigan— today! 



BRUNSWICK 

MAKES YOUR IDEAS WORK 








The oil that's safe through 500 degrees F: 
HOW ESSO DOES IT! 


Jet age aircraft make unprecedented demands on 
lubricants. Not even the most highly refined mineral 
oils are able to cope with the temperature extremes 
in turbine engines. Needed was a synthetic oil with 


good lubricity and stability at very high temper- 
atures— and easy-flowing properties at very low 
temperatures. Esso was the first successfully to 
develop such an oil. 



IN TERN A TIONAL 



Atlas 



integrated 


servoactuator units 

...are providing compact, 
lightweight, reliable actuation 



Tvoactuator packages are custom- 
lesigned for each application. These packages 
usually include an electrohydraulic 
servo\^(^a cylinder-piston assemb^^nd a 
feed^^_ 

co n t roLeKvices are often 
Within d g £ actu ator to reduce weight 
imp rove o 

[(SPQPan apply tlflsptfocage know-how to the 
solution oT^^tctuation requirements. 


Write for catalog 170. 


MOOG SERVOCONTROLS, INC. 



• Eastern Air Lines, long a leader in 
technological advances in the industry, 
has selected the AiResearch multi- 
purpose gas turbine power unit for 
starting of main engines, electrical 
power, and ground cooling and heat- 
ing of its new Electra fleet. Eastern 
was the first airline to place an order 
for this equipment and in recognizing 
the advantages of combining these 
functions in one unit. 

With over 50 mobile trucks now 
operating in 32 cities covering 20 


states, Puerto Rico and Canada, 
approximately 3,000 scheduled depar- 
ture engine starts were, for example, 
completed in May of this year. This 
included more than 2,200 hours of 
turbine operation, also used to supply 
electrical power and maintenance 

Heart of the lightweight ground 
support systems are AiResearch gas 
turbine compressor power units cap- 
able of delivering both electrical and 
pneumatic power. Quick starting by 


pushbutton without warmup, they 
operate in any weather extreme from 
— 65°F. to + 130°F. 

AiResearch’s versatile ground sup- 
port equipment is tailored to meet the 
requirements of the rapidly expand- 
ing commercial airline fleets of new 
turbine-powered airliners, military 
aircraft and tactical missiles. Light- 
weight, compact units can be designed 
to specific configurations or installed 
on standard vehicles. 

Your inquiries are invited. 


From a Dynamics Engineering point of 
view, isolating rotor vibration from heli- 
copter fuselages is tricky — a problem of 
low-frequency vibrations and consequently 
large static deflections. 

In 1957, Barry Controls undertook analy- 
sis and feasibility study of the problem. 


RESULT — Recommendation of a servo- 
controlled inclined track linkage that solves 
the problem practically. 

ANOTHER INSTANCE of Barry’s capa- 
bility to meet the problems of dynamic 
environments. 

Find out how Barry can help YOU! 


Write for "Engineering for Control of Dynamic Environments" 


AiResearch Manufacturing Di' 


ring Uivisions 


Systems, Packages and Components for: AIRCRAFT. 


Los Angeles 45, California • Phoenh 

ills SHE. ELECTRONIC. NUCLEAR AND INDUSTRI A 


APPLICATIONS 



DESIGNS THAT CONTROL 
SHOCK, VIBRATION, NOISE 

BARRY 

CONTROLS 
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and the new standard everywhere in electronics 


The famous Gold Brand has long identified the premium dependability 
of Sylvania reliable receiving tubes for industrial applications. Now, in 
that same tradition of outstanding performance, Sylvania offers a full line 
of industrial tubes ranging from power triodes for transmitting service 
and industrial heating to vidicons and orthicons for TV. 

Subject to rigorous testing programs, Sylvania industrial tubes 
meet extra critical quality control requirements in keeping with their 
high standard of reliable performance. 

Whenever you need premium quality performance in the Gold Brand 
tradition, specify Sylvania industrial tubes. 


Jr SYLVAN I A® 


GENERAL TELEPHONE & ELECTRONICS 



TRANSPORTATION • STORAGE • DISTRIBUTION 

STANDARD-CAMBRIDGE has been a pioneer in the dynamic 
growth of low temperature equipment. In our three strategic 
locations across the country you will find qualified skills for the 
design, development, production and testing of equipment for 
cryogenic fluids and processing plants. 

Look to STANDARD-CAMBRIDGE for 
low temperature technology... 

to help you solve equipment and process problems requiring 
precision vessel engineering and production. Your problem 
or requirement will receive our prompt attention. 

Call or write today. 

STANDARD STEEL CORPORATION 










RYAN FIREEEE: 

FIRST JET “VILLAIN" IN ANNUAL 
NAVAL AIR WEAPONS MEET 


“Top 


i KDA-4 Firebees will be Ihe only free-flying jet targets used at Operatioi 
Gun”— the Fourth Annual Naval Air Weapons Meet. 

Firebees provide the most realistic and economical means of maintaining air defense 
weapons at combat readiness. They stay “on station” for extended periods— permitting 
numerous attack sorties. And they can be used over and over again. 

The Navy’s crack fighter pilots will track down and “zero-in” on the Firebees in 
F3H-2 Demon and F8U-1 Crusader interceptors, firing Sparrow III and Sidewinder 
air-to-air missiles. 

An advanced, new Q-2C Firebee, of still higher performance, is in production. It has 
set world’s records by flying faster (Mach .95), higher (59,800 feet), and longer 
(99V4 minutes). 

The Firebee keeps more service teams combat-ready than all other jet targets com- 
bined. It is performing a vital role in our nation's defense system as the only operational 
jet target missile. It is the result of Ryan’s ten-year leadership in the design, develop- 
ment, and production of jet target missiles. 


RYAN OFFERS CHALLENOINO OPPORTUNITIES T 


ENGINEERS 



Hffi HE B 

AIRCRAFT • MISSILES & COMPONENTS • ELECTRONICS 

Ryan Aeronautical Company, San Diego, Calif. 
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► White House attitude on military participation, need to compete 
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► ARDC-sponsored project concludes fuel will be major item; greater 
productivity is cited. 
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Do We Have a Space Program? 21 

COVER: First airlift of an Atlas ICBM is made with a modified Douglas C-133. 

Aft loading of the 75-ft. missile is made possible by installation of clamshell 

Station. San Diego. Calif., for airlift to USAF’s Ballistic Missile Division, 
Francis F.. Warren AFB. Wyo. Purpose of the flight is to evaluate capa- 
bility of airlifting Atlas; all previous movements of this intercontinental ballistic 
missile have been made with truck-trailers. Second Atlas was airlifted Nov. 9. 
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10 Reasons for 
selecting 

Bendix Doppler 
H Navigation! 


1 . The DRA-12 Bendix* Doppler Navigation System weighs only 61 lbs., and its companion 
CPA-24 Navigation Computer only 14 lbs. 2. Completely transistorized** for maximum 
reliability. Only 14 types of transistors are used. 3. Employs fixed, passive, four-beam planar 
array antenna only 3! ■>" at thickest point — dual system operation requires only single antenna. 

4. Utilizes FM/CW Doppler principle to give maximum efficiency at low power consumption. 

5. High degree of accuracy in ground speed and drift angle information permanently main- 
tained through use of digital computer techniques. 6. Coherent detection permits operation 
with signals more than 20 db below noise level. 7. Eliminates altitude holes through use of 
unique modulation method. 8. Maximum accessibility for maintenance achieved through 
use of plug-in computer circuit boards and sub-chassis construction, g Modulation system, 
computer elements, and other critical circuitry engineered for expansion into Mach 2 and 
Mach 3 aircraft. 10. Backed by full line of test equipment and complete maintenance 
training program. Get full details on these ten reasons — and many others — why you should 
select Bendix Doppler Navigation. Write — 

Bendix Radio Division 



• BALTIMORE 4, MARYLAND 


EDITORIAL 


Do We Have a Space Program? 


The question “Do We Have a Space Program?” was 
raised at the American Rocket Society meeting in Wash- 
ington last week by Dr. William Pickering, director of 
Cal-Tech’s Jet Propulsion Laboratory (see p. 26). This 
question has been raised before in Congress and by the 
press, but Dr. Pickering's forthright speech is the first 
time a major participant in the space program and a re- 
sponsible man with long practical experience in the new 
technologies on which space research depends lias raised 
this issue in a public forum. 

Perhaps only coincidentally, one of Dr. Pickering’s 
JPL colleagues, Dr. Eberhardt Rechtin, head of the JPL 
guidance laboratory, also delivered an even blunter blast 
at the scope and pace of our current space program in a 
Los Angeles speech. Again at the Rocket Society meet- 
ing, a sharp challenge to the prevailing official Admin- 
istration view denigrating the possible military value of 
space research was offered by Brig. Gen. Homer Boushey, 
one of USAF’s most experienced research and develop- 
ment experts and an early proponent of a military space 
program. 

These speeches, coupled with more intemperate out- 
bursts by less qualified people, are symptomatic, we think, 
of a rising groundswell of impatience with top-level offi- 
cial indifference to the national space program. This 
official attitude, expressed many times by President Eisen- 
hower and his White House advisers, that space research 
is a leisurely scientific program to be pursued within 
stringent budgetary limitations without any regard to the 
Soviet .progress in this field and .without any hope of any 
eventual military' applications is clearly not in tune With 
the opinions of most scientists now working on space 
technology', the temper of the American people or the 
realities of the international situation. 

Dr. Pickering bluntly emphasizes that the race in space 
research is a focal point in the fierce competition between 
the political philosophies of this country and the Soviet 
Union whether we choose to acknowledge this fact or 

"The Cold War ... is fought for the control of minds 
of men. The target is the domination of the emotions 
and intelligence of men everywhere, and instead of being 
conducted by tanks, aircraft and naval vessels, it is fought 
in financial markets, in newspapers, on radio and tele- 
vision programs and by word of mouth. Drawn up in 
this conflict are two political philosophies both strong, 
both competitive and both resourceful. 

“One philosophy says simply that the mind of man 
functions most nobly and achieves its greatest expres- 
sion when it is free. The other says that the mind of 
man is subordinate to the will of the state. It is the 
United States against Russia, and its most important 
campaign is being fought far out in the empty reaches of 
space.” 

Dr. Pickering also emphasizes, as we have many times, 
that the most important ingredient missing from our 
current space program is the lack of a firmly stated and 
positively executed top-level determination to equal or 
exceed the achievements of the Russians in space. And 
the most important reason we need this missing in- 
gredient, Dr. Pickering says, is above and beyond the 
scientific, military or economic benefits that may accrue 


from such a space research program. It is to preserve and 
maintain our national stature and prestige in the world, 
according to Dr. Pickering. 

‘‘This is not by any means solely for reasons of national- 
istic pride,” he said, “but rather for very hard headed 
economic reasons. For much of the twentieth century, 
the world has looked at the United States as being the 
leader in technology and engineering. At this time, too 
much of the world is now asking ‘is it Russia or is it the 
United States which is the technological leader?’ 

“As a consequence, many decisions affecting our eco- 
nomic welfare are being made against a background of 
USSR achievement and development in this area. As 
far as the rest of the world is concerned, it is also per- 
fectly clear that we are in a space race with Russia. . . . 
It is also perfectly clear that in the post-Sputnik era 
we have not within these two years succeeded in match- 
ing Russian achievements. 

"We must either pursue our space developments 
actively and successfully or we must declare ourselves 
completely out of the space race.” 

Dr. Pickering proposed the following action now aimed 
at establishing our proper position in space technology: 

• “We must establish our long-terms goals as a nation 
in our own space exploration program and then quit 
jumping every' time the Russians fly another space 
experiment. 

• “We must establish goals that arc susceptible of engi- 
neering achievement and which will provide significant 
and dramatic progress in space. 

• “We must clarify management responsibilities and pri- 
orities in our space program. We do not necessarily need 
to have a single space program, but we must clearly 
understand in what areas we can afford the luxury of 
parallel approaches and peripheral projects. 

• “As individuals, as professional engineers and scientists 
it appears to me our task is to educate the public and 
Congress to the realities and needs of a national space 
program— not only the realities of space but also the 
realities of time and money required to accomplish 
results. 

• “We must, with patience and understanding, encour- 
age and support those who are actively working on the 
program. Success will come only as a logical consequence 
of public understanding, public support and hard engi- 
neering achievement.” 

Dr. Pickering’s refreshingly realistic approach to the 
admittedly unpalatable facts of our current national 
space program are both welcome and badly needed as an 
antidote to the official gruel being dispensed on the 
subject these days. Perhaps it may occur to many that 
a man with Dr. Pickering’s technical experience and 
realistic vigor might make a more inspired leader of our 
national space program than some of the scientists who 
have been brought to the White House and its ancilliaries 
in the post-Sputnik era. The Administration apparently 
has been more concerned with using these scientists to 
lend technical respectability to its current ultra-conserva- 
tive policies rather than to provide the aggressive tech- 
nical leadership this country needs so badly at this par- 
ticular time. 

—Robert Hotz 
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EDISON 

Servo Motor-Generators 
are designed specifically 
for your systems 

applications 


Unlike ordinary "off-the-shelf" components, Edison 
Servo Motor-Generators are designed specifically to 
operate as part of an electro-mechanical system. 

For example, their motor sections are built to have 
minimum time constants and reversing times. To in- 
sure precise coupling with mating gear trains, output 
pinions are fabricated to better than AGMA standards. 
Damping constants, from unit to unit, are held to 
very close tolerances. 

In addition to these special system features, Edison 
Servo Motor-Generators are made to the highest 


quality standards. They outperform MIL-S-17087 
(for motors) and MIL-S- 17806 (for generators). 
Edison engineers provide you with the exact servo 
motor-generator your system calls for — not a cata- 
loged component that will only approximate your 
needs. For this reason, they will work closely with you 
in developing components that will assure you of 
the best system performance. 

For additional information on Edison Servo Motors, 
Motor-Generators and other rotary components, write 
for Catalog 3044. 


Thomas A. Edison Industries^ 

INSTRUMENT DIVISION 

49 LAKESIDE AVENUE, WEST ORANGE, N. J. 

EDISON ENGINEERINO OFFICES ARE LOCATED IN: CHICAGO: DALLAS; DAYTON: LOS ANGELES 
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WHO'S WHERE 


In the Front Office 

James Bassagc, vice president-planning, 
National Airlines, Inc. 

Joseph L. Lantz, vice president-sales, 
Goshen Rubber Co.. Inc.. Goshen, Inc. 
Also: David E. Williams, sales manager; 
Carroll D. Hobson, assistant to the presi- 
dent; Karl ' ~ ’ 

manager i 

tonics Corp., Westbury, N. Y. 

Richard A. Campbell, vice president-oper- 
ations, Pacific Semiconductors. Inc., Culver 
City, Calif., a subsidiary of Thompson 
Ramo Wooldridge, Inc. Mr. Campbell suc- 
ceeds Warren B. Hayes who has joined 
TRW as the president’s assistant for new 
enterprises. 

David E. Slioncrd, vice president-engi- 
neering. Rocket Power, Inc,, Mesa, Ariz.. a 
division of The Gabriel Co. 

J. R. Johnson, executive vice president, 
Royal Industries, Inc., Alhambra. Calif. 

Hugh C. Bream, vice president. Western 
Design Division of U. S. Industries, Inc,, 
Santa Barbara and Montebello, Calif. Also: 
Ben J. Newitt, executive assistant to the di- 
vision president. 

W. R. Clay, a division vice president and 
engineering department manager. Radio- 
plane, a division of Northrop Corp., Van 
Nuys, Calif. 

Honors and Elections 

Frederick F. Robinson, a director, Col- 
lins Radio Co., Cedar Rapids, Iowa. Mr. 
Robinson is president and director of Na- 
tional Aviation Corp. 

George S. Moore, a director, United z\ir- 
craft Corp., East Hartford. Conn. Mr. 
Moore is president of the First National 
City Bank of New York. 

Peter H. Stanton, board chairman and 

Inc., Los Angeles, Calif. 

Col. Arthur F. Merewethcr (USAF, ret.), 
manager-weather services for American Air- 
lines, has been elected chairman of the 
Meteorological Committee of the Air Trans- 
port Assn, of America, Washington, D. C. 

Prof. Thomas Gold, director, and Prof. 
Henry G. Booker, associate director, of the 
newly established Cornell University Cen- 
ter for 'Radiophysics and Space Research, 
which is to have the world's largest and 
most powerful radar at its disposal. Prof. 
Gold is professor of astronomy, a professor 
of electrical engineering and a professor of 
physics at Cornell; Prof. Booker is director 
of the School of Electrical Engineering, 
professor of engineering physics and pro- 

R. C. Chilton, vice president-development 
planning of Ilorkey-Moore Associates, has 
been elected a member of the Society of 
Experimental Test Pilots. Lancaster, Calif. 
For 10 years (1941-51) Mr. Chilton was 
senior engineering test pilot for North 
American Aviation, Inc., during which time 
he conducted the first and subsequent devel- 
opmental flights of experimental and pro- 
duction aircraft for Army and Navy. 

(Continued on p. 140) 


INDUSTRY OBSERVER 

► Watch for the Convair F-106 to make an official attempt to take the 
absolute world speed record back from the Soviet Union. F-106 flown by 
USAF pilots at Edwards AFB, Calif., already has hit 1,530 mpli. in level 
flight, more than the required 3% above the 1,484 mph. record recently 
set by the Soviet Sukhoi delta (AW Nov. 9, p. 30). F-106 also will go after 
the official 100 km. record now held by the Dassault Mirage III-A and a 
transcontinental U. S. speed record. 

► Free flight model of the Dyna-Soar has been fired at Holloman AFB, 
N. M., by Boeing Airplane Co. using a Curtiss-Wright hypersonic test 
vehicle to boost the model to 30,000-40,000 ft. High speed exit through 
the earth's atmosphere simulates re-entry conditions. Second free flight 
shot is scheduled for December from Holloman. 

► Air Force still has not decided on the magnitude of the Dyna-Soar pro- 
gram. It has asked contractors to prepare proposals that would range from 
a rock bottom cost of S40 to $50 million for the first year all the way up to 
$150 million, which is higher than the figure used in the original proposals 
before Boeing and Martin were chosen to build the vehicle and boosters 
respectively (AW Nov. 16, p. 26). 

► Watch for Howard Hughes to attempt to shave 30 min. from the jet 
transport transcontinental speed record with a Convair 880 powered by 
the General Electric CJ805 turbojet. Hughes has padlocked an 880 air- 
craft scheduled for delivery to Trans World Airlines and has refused to 
allow Convair to finish the aircraft interior. Record attempt probably will 
be timed as part of the promotional fanfare introducing the 880 on TWA 
regularly scheduled service. 

► Attempt to fire a payload toward the orbit of Venus using a Thor Able 
vehicle is now scheduled for Dec. 10, exactly two weeks after the scheduled 
date for an attempt to send a television scanning payload into an orbit 
around the moon using an Atlas Able vehicle. Both of these shots arc 
being conducted by the Air Force’s Ballistic Missile Division and Space 
Technology Laboratories, Inc., for the National Aeronautics and Space 
Administration. 

► Tactical Air Command will test Curtiss-Wright’s Skydart I solid rocket 
aerial target this week from Nellis AFB, Nev., using Sidewinders and other 
air-to-air missiles in an effort to knock the target down. Skydart has 90 
see. of powered flight, will fly Mach .3 to .4 faster than the launching 
aircraft. 

► Unstabilized nose cone carrying a camera and color films will be fired 
aboard a USAF Thor from Cape Canaveral. Fla., about Dec. 1. Cone is 
made and will be instrumented by General Electric's Missile and Space 
Vehicle Department. General Electric also has asked permission to fire a 
stabilized Thor and two stabilized Atlas cones carrying color cameras. The 
unstabilized Thor payload, only shot approved thus far, will carry the color 
camera as the primary experiment. 

► Convair B-58 that recently broke up in flight killing its company test crew 
was conducting yaw tests at high Mach numbers with a pod. B-58 was 
flying past Mach 2 when an outboard engine was deliberately cut to measure 
resultant yaw effects. Aircraft broke up during this maneuver. As a result 
of the accident, Convair has voluntarily decided to hold the B-58 to a 
speed range of just above Mach 1 until the accident investigation is com- 
pleted. 

► Poland has built a 20-passenger four-engine MD-12 transport which is 
now undergoing flight tests. Aircraft reportedly has a cruising speed of 177 
mph. and a maximum range of 279 mi. It is designed to operate from 
runways only 1,476 ft. long. Powered by 340-hp. piston engines, the craft 
is 51.8 ft. long, has a wing span of 69.9 ft. and a wing area of 592 sq. ft. 
Useful load is 3,850 lb„ flying weight is 16,500 lb. 
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The bifilor helix and electron gun 
oscillator tube are supported by 

ve loped and built at the Electronics 
Research Laboratory, Stanford 
University, and operates from 500 
to 1000 megacycles at 100 watts. 


^Single crystal synthetic sapphire rods are being 
used as support members for TWT helices and elec- 

Sapphire offer's flexural strength at elevated tem- 
peratures, excellent dielectric properties, small- 
diameter rigidity, strength at elevated temperatures, 
low-loss characteristics, zero porosity, and economy. 

In addition to rods, single crystal sapphire is avail- 
able in the form of windows and domes for micro- 
wave and infra-red systems. Special sapphire shapes 
for custom applications can be obtained. 

Other single crystals, such as ruby and doped 
titania for maser amplifiers are available. LINDE also 
supplies single crystal yttrium iron garnet, for solid- 
state devices. 

For further data, write to Linde Company, Division 
of Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N. Y. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. Address 
Department W V.'A If 


Washington Roundup 


USAF Space Management Review 

Extensive review of the structure of Air Force ballistic 
missile and space management programs is being con- 
ducted by a special committee appointed by USAF Secre- 
tary James Douglas and headed by Dr. Clark Millikin, 
president of the California Institute of Technology. Pur- 
pose of the organizational study is to obtain recommenda- 
tions for the “best possible management structures” to 
direct Air Force missile and space programs. A report 
is scheduled to be submitted to Douglas by the end of the 

Other members of the committee are Dr. Hendrik W. 
Bode, Bell Telephone Laboratories; Malcolm P. Fergu- 
son, president of Bcndix Aviation Corp.; Robert L. Ham- 
ill, president of Ilamill Corp., a director of Pan Ameri- 
can World Airways and partner of Sanderson & Porter 
Co.; Dr. Lawrence A. Hyland, vice president and general 
manager of Hughes Aircraft Co.; Roger Lewis, vice presi- 
dent of Pan American World Airways; Charles A. Lind- 
bergh; Maj. Gen. James McCormack (USAF-rct.) vice 
president of Massachusetts Institute of Technology and 
former vice commander of the Air Research and Develop- 
ment Command: Dr. Emanuel Piore, Massachusetts Insti- 
tute of Technology physicist, and Dr. Jerome B. Wiesner, 
director of Raytheon Manufacturing Co. and a professor 
at the Massachusetts Institute of Technology. 

Hebert Reports 

Staff of House Armed Services Investigating Subcom- 
mittee headed by Rep. Edward Hebert (D.-La.). has 
completed two reports— one on weapon system contract- 
ing, the other on contractor influence on Defense 
Department procurement. The subcommittee held com- 
prehensive hearings on weapon system procurement in 
the spring (AW Apr. 27. p. 31) and on “munitions 
lobby” charges in the fall (AW Aug. 24. p. 33). Be- 
cause of the difficulty in convening the full Armed 
Sendees Committee to pass on the reports during the 
congressional recess, the reports probably will not be 
made public until after Congress convenes in January. 

Meanwhile, the Defense Accounting and Auditing 
Division of General Accounting Office has completed a 
report on Air Force administration of its ballistic missile 
programs. The report is now being reviewed at GAO's 
top level. The agency hopes to submit it to Congress and 
make it public in early January. GAO undertook the 
investigation after USAF refused to make available the 
complete report made by the Air Force Inspector Gen- 
eral after an agency investigation of ballistic missile 
management procedures (AW Nov. 16, 195S, p. 34). 

Critchfield Withdraws 

Dr. Charles L. Critchfield, S36,000-a-year director of 
scientific research for the Convair Division of General 
Dynamics Corp., has withdrawn his acceptance of an 
appointment as director of Defense Department's Ad- 
vanced Research Projects Agency because of criticism 
of the plan which would allow him to continue to draw 
his Convair salary while serving in the key government 
post (AW Nov. 16, p. 28). Critchfield would have served 
without compensation in the S19,000-a-ycar ARPA posi- 
tion. The arrangement was clearly legal under a 1951 
law authorizing Defense Department to obtain the 
services of a limited number of persons of outstanding 


experience and ability on a without-compcnsation basis 
and not otherwise available. Critchfield. however, decided 
that "general misunderstanding and public controversy 
have most certainly impaired my ability to serve." De- 
fense Secretary Neil McElroy later said it was “most unfor- 
tunate that in this instance a situation . . . should have 
developed which will prevent the Defense Department 
from having the benefit of Dr. Critchficld’s widely 
recognized scientific abilities in this important post.” 


Dulles: Soviet Threat Analyzed 

Continued Soviet industrial growth at presently-fore- 
cast rates will "dangerously" narrow the gap between 
U. S. and Russia economies by 1970 unless U. S. indus- 
trial growth is substantially increased, Central Intel- 
ligence Agency Director Allen W. Dulles told a joint 
congressional investigating subcommittee last week. 
Dulles said future economic gains will provide the goods 
and the services needed to further expand Soviet military 
power as well as to push forward its economic penetration 
of neutral and underdeveloped nations of the free world, 
lie pointed out that the major thrust of Soviet economic 
development and its high technological skills and re- 
sources are directed toward specialized industrial, military 
and national power goals, while the U.S. economy is 
largely directed toward the production of consumer type 
goods and services which add "little to the sinews of our 
national strength.” Dulles also said fulfillment of the 
present Soviet Seven Year Plan is a major goal of Soviet 
policy and present indications are that Premier Nikita 
Khrushchev desires a period of “coexistence” in which to 
reach the objectives of the plan. 

U. S. Helicopters for USSR 

Soviet Union tentatively plans to purchase two 
Sikorsky S-58 helicopters and one Vcrtol Model 44 heli- 
copter. according to Vladimir Alkhimov, commercial 
counselor at the Russian embassy in Washington. The 
detailed proposals of United Aircraft Export Corp. and 
Vertol Aircraft Corp. are now being reviewed in Moscow. 
An S-58, with numerous additions for safety and luxury, 
is used by President Eisenhower and first attracted the 
attention of Soviet Premier Nikita Khrushchev during 
his U. S. visit (AW Oct. 5, p. 25). It has a maximum 
capacity of 1 2 passengers. Tire Vcrtol helicopter, with a 
19-passcngcr maximum capacity, is operated by New 
York Airways. Khrushchev's interest in the helicopter as 
an executive transport also resulted in a visit to the 
Kremlin's Ivan Square last week of a Soviet Mi-4 heli- 
copter and its designer Milhail Mil. The helicopter was 
closely inspected by Khrushchev and deputy premiers Frol 
Kozlov and Anastas Mikovan. 

Full Scale? 

A full sized USAI’-Martin Titan intercontinental mis- 
sile, which stands more than 100-ft. high on its display 
base, was mounted outside the convention hotel for the 
14th annual American Rocket Society meeting here (see 
p. 26). According to a story making the rounds of the 
meeting, an American pointed out to a member of the 
Soviet Russian delegation that this was one of the United 
States' ICBMs. The Russian replied; “What scale model 
is that?” 

—Washington staff 
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Space Technology 


U. S. Space Officials Rap Lack of Urgency 


While House altitude on military participation, need 
to compete cited by Pickering, Gen. Boushey. 

By Evert Clark 

Washington— Dissent over the confusion and lack of urgency in the nation’s 
space program boiled over into public criticism from program officials last 
week, opening what is expected to be a turbulent year of more criticism, 
re-evaluation and probable reorganization. 

For the first time, a key official in the civilian program directly chal- 
lenged President Eisenhower's often stated view that the U.S. is not in a 
"space race” with the Soviet Union, and a key officer in the military program 
spoke out strongly on the military' usefulness of space for peaceful purposes. 
Both the President and his scientific advisers often have expressed skepticism 
over the usefulness of space as a military sphere of operations and have 


attempted to put a civilian scientific tag 

Strongest criticism of the current sit- 
uation came from Dr. William II. 
Pickering in a luncheon speech at the 
American Rocket Society's 1 4th annual 
meeting. Pickering is director of Cali- 
fornia Institute of Technology’s Jet Pro- 
pulsion Laboratory which is now doing 
almost all of its work for the National 
Aeronautics and Space Administration. 

“We should frankly admit that we 
are indeed in a race with the USSR,” 
Pickering said. "... We must either 
pursue our space developments actively 
and suecessfullv, or we must declare 
ourselves completely out of the space 

When President Eisenhower was told 
at his Oct. 22 press conference that 
Maj. Cen. John B. Medaris had said 
the U.S. was "straddling the issue of 
whether we arc competing with the 
Russians" in space, he replied: 

“Now. this statement that we arc 
straddling, as far as competition with 
the Russians is concerned. I don’t know 
exactly what it means. I know this: 
“We have established and it has been 
published, at least in outline, a pro- 
gram of space exploration, and that has 
pointed out . . . some of the major 
things we want to do. Our planning is 
a positive one and I see no reason for 
thinking of it merely as competition 
with somebodv else. It is something 
we intend to do.” 

No Space Program 

Pickering said the U.S. docs not 
have a space program now, if having a 
space program means having clear na- 
tional goals, management and funds to 
support them on a long-term basis and 
public understanding of the importance 
of the program and the time and effort 
required to conduct it. 

The Space Primer issued by Dr. 
James R. Killian, Jr.’s Presidential 
Scientific Advisory Committee just after 
the first two Soviet Sputnik satellites 


on as many space projects as possible. 

were fired listed four objectives for 
space exploration— scientific, commer- 
cial, military and human objectives— 
Pickering said. 

"Now, it would appear to me the 
Killian Space Primer omitted the most 
important objective, and that is simply 
the objective to equal or exceed the 
achievements of Russia in space. ’ Pick- 

Real Objective 

"If it is a race, one can ask the ques- 
tion. for what are we racing? Is it for 
military domination of space? Is it for 
scientific discovery? Or for commercial 
exploitation of space? Or is it for our 
national stature and prestige in the 
world? 

"I believe the last reason is the most 
important, and not by any means solclv 
for reasons of nationalistic pride but 
rather for very hard-headed, economic 

Much of the rest of the world is ask- 
ing whether the U.S. or Russia is the 
technological leader, Pickering said, and 
"as a consequence, many decisions af- 
fecting our economic welfare are being 
made against a background of USSR 
achievement and development in this 

“As far as the rest of the world is 
concerned, it is perfectly clear that we 
are in a space race with Russia. ... It 
is also perfectly clear that . . . we have 
not within these two years succeeded in 
matching Russian achievements.” 

Pickering sees “a lack of public un- 
derstanding of the significance of our 
space program, of the necessity for the 
program, of the objectives of the pro- 
gram.” 

“I believe there is also a lack of 
broad governmental understanding of 
national objectives,” Pickering said. 
“The questions of the relative priority 
of military and civilian programs are 


not clear; and, indeed, inter-service and 
inter-agency rivalry for scarce funds, 
facilities and manpower is certainly 
occurring." 

When Pickering was asked at a press 
conference just who in government 
should admit that the U. S. is racing 
Russia, he said, President Eisenhower. 
He also said lie did not clear his speech 
with NASA Administrator T. Keith 
Glennan because, as a NASA contrac- 
tor and not a NASA employe, he did 
not have to do so. 

Public Understanding 

Pickering said he believes public un- 
derstanding of the problem is “im- 
minent" and indicated he thinks it is 
closer at hand than governmental un- 
derstanding. "There are increasing 
signs that the public is vaguely dis- 
contented and embarrassed by our posi- 
tion in the space race, and that it soon 
will make its voice heard.” he said. 

Long-term goals “susceptible of en- 
gineering achievement and which will 
provide significant and dramatic prog- 
ress in space" must be established, 
Pickering said. He cited as examples 
of such goals the Mercury project, land- 
ing a man on the moon, taking a closer 
look at the planets and landing a man 
on another planet and returning him. 

It also is necessary to “clarify man- 
agement responsibilities and priorities,” 
lie said. "We do not necessarily have 
to have a single space program, but 
we must clearly understand in what 
areas we can afford the luxury of paral- 
lel approaches and peripheral projects.” 

Next, lie said, must come education 
of the public and Congress to “the 
realities and needs . . . not only the 
technical realities but also the realities 
of the time and money required.” 
Pickering cited a newspaper survey 
that indicated three-fourths of the 2,000 
people responding were "ashamed" of 
the relative U. S. position and that 
more than 50% said thev were willing 
to pay an additional S50 a year or more 
in income taxes if the money went di- 
rectly to the space effort. 

Brig. Gen. Homer A. Boushey, USAF 
director of advanced technology, told 
the ARS meeting that "a military space 
capability must be dev eloped and main- 
tained as a matter of urgency for our 
national survival.” In the debate over 
keeping U. S. space efforts “peaceful" 
—as the legislative act creating the civil- 
ian space agency requires— the term 
“military” has almost become a syno- 
nym for “unpeaceful,” Boushey said. 

Gen. Boushey has publicly expressed 
the military’s views on space per- 
haps more often than any other officer. 
He was the first military man to pub- 
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licly suggest that there might be military 
usefulness to a base on the moon on 
the theory that it is desirable under 
military doctrine to hold the “high 
ground.” 

Consequently, Boushey has attracted 
perhaps more criticism from those who 
tend to favor a wholly civilian program 
than anyone else in the services. The 
Space Primer mentioned by Pickering 
indirectly attacked some of the ideas 
Gen. Boushey had expounded. 

President Eisenhower was asked at a 
press conference last Nov. 4 why 
NASA was picked to be the “one missile 
and space agency” when it was com- 
paratively new and had not done much 
of the development of missiles and 
space vehicles. 

“Well, I think you . . . should be 
making a difference between missiles, 
by which we normallv mean weapons, 
and space and the rocketry that will be 
useful in exploring the space,” the Presi- 
dent said. 

“Now, I cannot for the life of me see 
any reason why we should be using or 
misusing military talent to explore the 
moon. This is something that deals 
in the scientific field, and to give this to 
the Air Force or Army or Navy, it just 
seems to me is denying what we really 
—a sort of doctrine in America. You 
have given to the military only what is 
their problem and not arivthing else. 
The rest of it stays under civilian con- 
trol and that is the reason for having 
this agency.” 

This statement accurately reflects the 
thinking that has prevailed in forma- 
tion of the civilian space program and 
particularly in recent transfers of rocket 
boosters and personnel from the mili- 
tary to NASA. 

The first break in this pattern was 
the decision to leave the Dvna-Soar 
boost glide vehicle with the military, 
and some military observers hoped it 
meant the beginning of a better appre- 
ciation of the need for a military space 
program. 

The President’s Nov. 4 statement 
was expected to cause a decrease in 
public discussion of space by militarv 
men. Boushey said, however! that the 
question of whether there is a case for 
military space operations “is an honest 
question,” asked bv “sincere citizens; 
it has been partially answered in the 
negative by critics of the militarv, and 
I think it should be discussed clearly 
and frankly by the military." 

Boushey likened the Midas early 
warning satellite and the Samos recon- 
naissance satellite— which have just been 
transferred to USAF along with the 
Discoverer program— to burglar alarms 
or policemen in space. 

"They are not a threat to the peace- 
ful world citizen anywhere,” he said. 
“Further, I believe that militarv’ satel- 
lites and space weapons at least for the 



AVIATION WEEK, Nc 


23, 1959 


27 


foreseeable future will primarily assist 
the defender and will be of relatively 
little value to a would-be aggressor. . . . 
A military space capability second to 
none is mandatory to the future security 
of the United States. And I believe a 
vigorous military space program will, 
more than any one endeavor, promote 
world peace.” 

On the West Coast, fPL’s Dr. Eber- 
hardt Rcchtin, chief of the Guidance 
Research Division, told the Electric 
Club at Los Angeles that the U. S. has 
"dropped six months to a year further 
behind” in the last two years “in the 
process of organizing, re-evaluating, 
carving out paper empires and fighting 
over who is going to be the boss to tell 
the professionals what to do.” 

JPL scientists recently attempted to 
plan missions for a set of space vehicles 
for 1961 and 1962, Rcchtin said, and 
when they had what they thought was 


a logical, technically sound program, 
they were shocked to realize that the 
goals in the first half of the program 
already had been achieved by the Rus- 

Budgct Rise Urged 

The U. S., Rcchtin said, should “quit 
being the straight man” for Russia and 
spend perhaps “the amount of money 
which Dr. Killian initially estimated— 
about $1.5 billion per year or approxi- 
mately something less than 5% of our 
defense budget.” Instead, he said, the 
NASA budget is “now somewhat less 
than what Hie U. S. pays to ship and 
store surplus wheat.” 

Russia spent probably $500 million 
to launch the first several Sputniks, he 
said, and as a direct result “the Russian 
technical prestige took a large discreet 
jump upward in the world market. Mak- 
ing a highly conservative guess of the 
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Radio’s Blackout During Re^ 


By Philip J. Klass 

Washington— General Electric and 
Avco scientists seeking to eliminate the 
blackout of radio communications be- 
tween ground stations and space vehi- 
cles or missile nose cones during at- 
mosphere re-entry are exploring new 
telemetry radio frequencies at opposite 
ends of the spectrum, it was reported 
here during the American Rocket So- 
cietv meeting. 

Heavy attenuation of radio signals 
that occurs at regular VHP telemetry 
frequencies during rc-cntrv is due to 
absorption of radio energy in the 
plasma, reflection of energy at the inter- 
face between the plasma and free space 
and in some cases to detuning of the 

Radio data link which Avco is devel- 
oping for space vehicle use will operate 
in the "extremclv high frequency” 
(EHF) band above 30,000 me. (30 
kmc.), whereas General Electric is in- 
vestigating the high frequency (HF) 
band, nominally 3 me. to 30 me., for 
possible use in re-entry communications. 

Current knowledge of the problem 
indicates that a communication system 
operating at the lower end (HF) of the 
radio spectrum can penetrate the ion- 
ized sheath on vehicles that experience 
significant re-entry heating at lower 
altitudes, but a system operating at 
extremely high frequencies should be 
suitable for anv tvpe of vehicle. Avco's 
J. R. White said. 

Signal attenuation due to plasma is 
drastically reduced when radio frequen- 
cies above 20 to 30 kmc. are employed. 


However, at frequencies of 50 to 60 
kmc., signals suffer serious attenuation 
because of water sapor in the atmos- 
phere. Frequencies above 70 kmc. ap- 
pear ideal from the plasma attenuation 
viewpoint, but presently available com- 
ponents and equipment for operation 
at this frequency lack the required reli- 
ability, White said. 

Avco therefore has selected the fre- 
quency band of 30 to 40 kmc. for the 
design of its new space vehicle com- 
munication system. White said the sys- 
tem is designed for communication 
with satellites, space probes and Dyna- 
Soar type vehicles. It will permit trans- 
mission of telemetry data, command 
control, compressed-bandwidth voice or 
radar data. System will have a data 
capacity of 1,000 samples per second, 
giving a data bandwidth of S00 cps., 
using pulse position modulation (PPM), 
or 400 cps. if provision is made to trans- 
mit a synchronization pulse. Prototype 
equipment is now being built. 

GE’s tests of IIF communications 
svstem frequencies, sponsored by 
USAF’s Ballistic Missile Division, will 
investigate 4, 7, 14 and 20 me. using 
a 50 watt transmitter. Two types of 
antennas will be employed in flight 
tests. One, used on heat-sink re-entry 
vehicles, will consist of a center-fed 
two-inch slot antenna, 70 in. long, 
located in the surface of the metal after- 
body in a plane containing the roll and 
raw axes. For ablative vehicles, the 
antenna will consist of a center-fed slot 
formed by insulating an inner spherc- 
conc nose cap from the main body 
liner for seven tenths of the base circum- 


cash value of this jump, based upon the 
size of the world market and the size 
of various governmental expenditures, 
the first several Sputniks meant a return 
on the world market on the order of 
$5 billion.” 

The nation needs clear goals, facili- 
ties, priorities, a very “hardboiled look” 
at the past performance of groups and 
willingness to let the professionals finally 
selected run their own race, Rechtin 
said. He said one of the most effective 
ways to do this would be to give both 
support and authority to NASA to do 
its legally assigned job. 

Rechtin also took issue with the jus- 
tification given for the lack of urgency 
—that the U. S. is in a scientific pro- 
gram, not a race. 

"I have not yet figured out why com- 
ing in second in science is any different 
or better than coming in second any- 
where else,” he said. 


■Entry Probed 

ferencc of the cap. The project was de- 
scribed by J. B. Durvea, E. F. Paski and 
W. L. Aseniero of GE’s Missile and 
Space Vehicle Department. 

Blackout of telemetry signals from the 
Atlas missile nose cone during the 
powered portion of flight appears to re- 
sult from a combination of the plasma 
sheath and corona effects, Edward 
Niemann. Jr., of GE’s Missile and Space 
Vehicle Department reported. The dif- 
ficulty had not been encountered on 
earlier tests of the Thor intermediate 
range ballistic missile which used the 
same transmitters, antennas and re- 
entry vehicle configuration, probably 
because of lower booster velocities. 

The abrupt decrease in telemetry sig- 
nals occurred at about 260,000 ft. alti- 
tude followed by a sharp recovery of 
signal strength at 320,000 ft. altitude. 

Tests thus far suggest that this may 
be due to a gas discharge (corona) 
around the telemetry antennas which 
results from the combined effect of 
their electric field and the ionization 
produced by high vehicle velocity. 

Whether the ionization is due prin- 
cipally to heating of the air or heating 
of the antenna covers has not yet been 
established, Niemann said. He warned, 
however, that space vehicle communica- 
tion system designers must take account 
of this source of communications black- 
out in addition to the other problems 
of voltage-induced corona and at- 
tenuation due to shock-wave-induced 
plasmas. 

This year’s ARS meeting had a 
larger number of reports devoted to 
avionic techniques and devices than in 
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previous years. Approximately 25% of 
the technical reports, not counting ion 
and plasma propulsion, were avionic in 
nature and about one out of six com- 
panies exhibiting at the show was an 

Highlights of other reports of avionic 
interest presented at the ARS meeting 
include: 

• Hovering satellite position sensing: 
Four possible techniques for use aboard 
a hovering 24-hr. satellite to enable it 
to sense its longitudinal position and 
correct for any drift were reported by 
Rudy R. Mueller of North American 
Aviation’s Autonctics Division. Muel- 
ler pointed out that an error of only one 
mile in establishing satellite radial po- 
sition (altitude) can result in a longi- 
tudinal drift of more than 37 mi. per 
day, an undesirable characteristic for a 
hovering satellite intended for com- 
munication, navigation or reconnais- 
sance service. The most attractive of the 
four techniques appears to be one called 
"solar sighting” which makes use of the 
fact that once every 24 hr. the sun, the 
satellite and the center of the earth 
should be on a direct line with one 
another. Using an electro-optical sensor 
to establish the direction to the sun and 
an inertial or electro-optical sensor to 
establish the direction to the earth’s 
center, plus a moderately accurate clock, 
the system could establish the presence 
and magnitude of any drift from the 
desired hovering longitude. 'Hie solar 
sighting technique requires an accurate 
determination of the direction to the 
earth’s center inasmuch as an error of 
one minute of arc results in an error of 
about 7-7 mi. in determining satellite 
longitudinal position. Mueller said, 
however, that this accuracy requirement 
does not appear too difficult to achieve. 

• Rotating pendulum accelerometer: 
New type of precision accelerometer, 
especially suited for measuring slowlv 
varying low-level accelerations of the 
order of 10“ to 10““g was reported by 
Samuel Schalkowskv and Henry F. 
Blazek of Ford Instrument Co. The 
device uses a pendulum which rotates 
at a constant angular velocity in the 
absence of any external acceleration. 
If an external acceleration exists, pendu- 
lum will accelerate during one-half of 
its revolution, decelerate during the 
next half. The magnitude or the 
velocity change is proportional to the 
applied acceleration while the particular 
portion of the cycle in which the pendu- 
lum accelerates indicates the direction 
of the applied acceleration. Unlike con- 
ventional pendulum accelerometers 
which use null-balancing principles, the 
new device is not subject to error caused 
by change in spring constant or torque 
gradient, the scientists said. 

• Rubidium vapor magnetometer: New 
type of instrument for measuring ex- 


tremely weak magnetic fields sufficiently 
sensitive to measure interplanetary 
fields in space probe vehicles was de- 
scribed by J. P. Heppner of the Na- 
tional Aeronautics and Space Adminis- 
tration. The new rubidium vapor 
magnetometer developed by Varian As- 
sociates under NASA sponsorship will 
be flown early next spring in Javelin 
rockets. Miniaturized version, weighing 
less than three pounds and consuming 
less than three watts of power, is ex- 
pected to be used in space probes be- 
fore the end of 1960, Heppner said. 
Rubidium magnetometer has the ad- 
vantage of lower power consumption 
and higher sensitivity in very weak 
fields (0.2 to 50 gammas) as compared 
with the older proton type device. In 
addition, the new instrument has shown 
considerable ability to measure super- 
imposed oscillating fields of as little as 
0.05 gammas. 

• Regenerative fuel cell: Power source 
for space vehicles capable of supplying 
550 watts continuously at 28 volts uti- 
lizing a closed-cycle nuclear regenera- 
tive fuel cell was proposed in a report 
by M. G. Del Duca, J. M. Fuscoc and 
T. A. Johnston of Thompson Ramo 
Wooldridge, Inc. The system would 
have an over-all thermal-electric conver- 
sion efficiency of 11%, would weigh ap- 
proximately 216 lb. Proposed fuel cell 
would use liquid lithium and hydrogen 
as fuels reacting in the cell to generate 
electricity. Reaction products would be 


Boeing Airplane Co.’s proposed ac- 
quisition of Vcrtol Aircraft Corp. is a 
move to complement its long haul air- 
craft capability by moving into the short 
haul and commuter ri pe vehicle market. 

Vcrtol, whose two previous merger 
discussions with Northrop Corp. and 
Bell Aircraft Corp. failed to develop, 
Would become the Vcrtol Division of 
Boeing. Its shareholders would receive 
two shares of Boeing common for each 
three held of Vcrtol and Boeing would 
issue 449,000 shares or about 6% of 
the total Boeing shares now’ outstanding 
to make the transaction. 

Both boards— but only Vertol share- 
holders— must approv e the merger. Each 
stock reacted to the announcement by 
dropping in price: Boeing l of a point 
to 32J and Vertol from 221 to 201. 

Financial sources in New York re- 
garded the chances for final approval as 
good since the actual stock exchange, a 
stumbling block in many such pro- 
posals, was agreed to. One company 
source was optimistic of the plan’s 
approval, pointing out that the negotia- 
tions had resulted in a very solidly laid 


dispersed in the cell's metallic salt elec- 
trolyte which would be pumped to a de- 
composition chamber where they would 
be dissociated to the original fuels by 
application of heat from a small nuclear 

• Solar energy storage: Use of the high 
heat of fusion of lithium hydride may 
provide a very efficient means of storing 
solar energy aboard a space vehicle for 
subsequent use when it is shaded from 
the sun, according to a report by 
C. L. Walker, J. D. Matchctt and 
R. J. Harold of the Allison Division of 
General Motors. Solar heat from a col- 
lector would be stored by heating lith- 
ium hydride, converting it from solid to 
liquid form. When the vehicle is in 
the shade, the process would be reversed 
with lithium hvdridgc, giving up its heat 
to the working medium that powers a 
mercury vapor turbine engine or a Stir- 
ling cycle engine. Used with a mercury 
vapor turbine having an efficiency of 
about 10%, or a Stirling with an effi- 
ciency of 30%, it would give lithium hy- 
dride an over-all energy storage capacity 
of 14 to 42 watt-hours per pound, the 
researchers said. With improvements in 
heat exchanger design and lithium hy- 
dride purity, the figure may be raised 
as high as 60 watt-hours/pound. By 
way of comparison, batteries have a stor- 
age capacity of about four watt-hours/ 
pound, fuel cells and flywheels have ca- 
pacities of about 10 watt-hours/pound, 
they said. 


foundation, but he also noted the un- 
certainties involved in any acquisition 
plan. 

Boeing's Product Research staff (AW 
Nov’. 9, p. 56) recommended some 
months ago that Boeing get into the 
STOL/VTOL field as a major market 
with potential for substantial production 
of hardware. To do this, Boeing had the 
choice of developing its own capability 
or else bootstrapping itself into the mar- 
ket by the purchase of someone else’s 
capability. Boeing chose the latter. 

By moving into this area, one source 
pointed out, Boeing could be protecting 
its investment in the long haul jet busi- 
ness, based on the theory that the great 
improvement in speeds of jet aircraft 
might be nullified by airport-to-city de- 
lays or delay s in connecting short haul 

Vcrtol’s two wholly-owned subsid- 
iaries, Allied Research Associates and 
Canadian Vertol Aircraft, Ltd., would 
continue as separate corporations as 
Boeing subsidiaries. Vertol and its sub- 
sidiaries would retain their present 
managements. 


Boeing Aims at STOL-VTOL Field 
By Proposing Merger to Vertol 
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NATO-Wide Research Project Proposed 


Washington— Recommendation that 
the 1 5 North Atlantic nations join 
hands in space research was made by 
the science and technical committee of 
the North Atlantic Treaty Organiza- 
tion's parliamentarians' conference 
which met here last week. 

The conference is composed of rep- 
resentatives of the legislative bodies of 
NATO countries. Its recommendations 
carry substantial weight, but arc not 
binding on the NATO Council which 
will meet next month in Paris. The 
council is composed of the defense, 
foreign, and finance ministers of the 
member nations. 

Sen. Henry Jackson (D.-Wash.), 
chairman of the science and technical 
committee, said in presenting the 
group’s report to the conference that 
"there is nothing wrong with bilateral 
arrangements" for cooperative research 
in space “provided we do not stop 

He added: 

“The free world space effort is now 
like a football team with half its best 
players sitting on the bench. Scientists 
from every one of the 1 5 NATO na- 
tions possess skills which arc urgently 
needed in space research. Yet this 
rccious scientific talent is going unused 
ecause we do not Have a cooperative 
space program.” 

Jackson said lie welcomed the objec- 
tive of a universal space program under 
the United Nations but pointed out 
that “years of talk and negotiation 
would be needed to make even a be- 
ginning at solving them.” 

White Views Space 

Gen. Thomas D. White, USA!' chief 
of staff, told the conference that satel- 
lite and space operations "clearly have 
tremendous strategic implications" for 
NATO. He said they indicate "that 
true global— perhaps I should say uni- 
versal-capabilities are within grasp. As 
a result, they emphasize the vital re- 
quirement for strong free world mili- 
tary space capabilities." 

Gen. White also implied that tech- 
nological developments in weapons may 
eventually dictate the withdrawal of 
U. S. forces from the European land 

He said: 

“When the NATO strategy was first 
conceived, the sword's impact, in terms 
of time from the U. S., would not have 
been felt for 1 5 hr. or more. Today, 
the point of the sword could be on the 
target within 30 plus minutes. The 
difference lies in the capabilities of the 
propeller driven bomber compared with 
those of the intercontinental range 
ballistic missile.” 


Gen. White also predicted that these 
developments will have tremendous im- 
pact on future NATO strategy: 

• Airborne nuclear propulsion. "Nor- 
mally, when one things of airborne 
nuclear propulsion, one thinks only of 
nuclear-propcllcd aircraft. We think of 
aircraft which will have almost un- 
limited endurance and picture their 
offensive value when armed with air-to- 
surface missiles . . . The achievement 
of efficient and effective airborne nu- 
clear propulsion will be expensive— in 
terms of effort and dollars. But, suc- 
cessful attainment of this objective will 
give us increased combat capabilities— 
and a stronger deterrent.” 

• Nuclear rockets. These, he said, will 
possess “tremendously increased thrust, 
which will make possible the launching 
of high payload satellites and surface- 
to-surface missiles.” 

• Nuclear ramjets. These "offer the 
promise of low altitude, high speed, 
long range missiles which could aug- 
ment our strategic ballistic missile 

The specific recommendations of the 
NATO science and technical com- 
mittee, together with Jackson’s com- 

• NATO center for space studies should 
be established. “This need not, and 
should not, be a huge enterprise," Jack- 
son said. “Such a center could be 


established at any one of a number of 
existing universities, laboratories, or re- 
search institutes, either in Europe or 
North America. It could serve as a 
common meeting place and focal point 
for space scientists from throughout 
our community." 

• NATO-wide space "hardware” proj- 
ect should be developed. “In space 
research and technology there is no 
substitute for results— for 'hardware' 
successfully hurtling through space.” 
Jackson said the first NATO-wide 
venture should be "a bolder and more 
ambitious enterprise” than an earth 
satellite program. 

• Inventory should be made of the 
human and institutional resources avail- 
able in the NATO community to sup- 
port space research and exploration. 
“Much of this talent is now going 
unused," he said. 

• Greater interchange and far closer 
cooperation in both basic and applied 
space research should be made. “To- 
dav’s uncoordinated and independent 
national programs too often result in 
overlapping and duplication of effort,” 
Jackson said. 

Jackson also urged that an inter- 
national conference of space scientists 
from the 15 community nations be 
convened early next year to start im- 
plementing the recommendations of 
the NATO committee. 



Second Titan B Try 
Scheduled This Week 

Washington-Second attempt to 
launch an Air Force-Martin Titan B 
missile to test propulsion on both 
stages is tentatively scheduled for late 
this week. Titan "thus far has experi- 
enced a 90-dav delay between firings 
because of damage to a pad and pro- 
cedural problems further back along 
•the factory-to-launch-site pipeline. 

A 40-day delay for repairs followed 
the explosion of missile B-5 at Pad 19 
at the Air Force Missile Test Center’s 
Cape Canaveral, Fla., launch site last 
Aug. 14. 'Hi is was to have been the 
first test of second-stage propulsion. 

Other preflight problems, including 
damage to one missile when the trans- 
porting aircraft lost pressurization, ac- 
counted for the rest of the delay. 

Explosion of the B-5 is being blamed 
partly on a mercury rectifier in the 
ground equipment that was grounding 
itself electrically and partly on safety 
requirements that, in this case, turned 
out to be a disadvantage. 

Job of the ground equipment item 
that failed was to receive a signal from 
the automatic master operational con- 
troller and then release energy to de- 
tonate the four explosive bolts that hold 
the missile to its launch stand. Because 
the equipment was faulty, it triggered 
the bolts prematurely. 

Titan’s first stage engines develop 
70% of their thrust in the first second, 
but this immediate-launch procedure 
normally is not used in research and 
development firings. When the bolts 
triggered prematurely, the missile began 
lifting off the pad. 

A safety factor built into the master 
operational controller for test launch- 
ings requires engine cutoff if umbilical 
cords do not disconnect simultaneously. 
Because of the premature liftoff, dis- 
connect of one umbilical cord was lag- 
ging, and the signal was sent through 
the controller to kill the engine. The 
result was that the missile lifted 12 ft. 
and fell back to the pad. 

Analysis of engineering data indicates 
that the impact of the missile’s fall set 
off an explosive primer cord that runs 
the full length of the two stages and is 
intended to destroy the missile on a 
signal from the range safety officer. 

If the primer cord had not destroyed 
the missile when it did, damage to the 
pad might have been even greater. 
Recent explosion of the Atlas Able 
lunar probe launcher, caused by a pro- 
pellant leak shortly after the engine 
was shut down following a short static 
firing, caused pad damage that is ex- 
pected to take five months to repair. 

The ground equipment that failed in 
the launch attempt has been redesigned, 
and the safety requirement eliminated. 
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Solids Make Bid for Space Booster Role 


By Michael Yaffee 

Washington— Solid propellant rocket 

roduccrs arc making their first serious 

id to move into the million-lb.-thrust- 
plus class and take on major space 
booster applications. 

From information gathered at the 
14th annual meeting of the American 
Rocket Society here last week, the 
major impetus behind this move ap- 
pears to be the re-activation of the Air 
Force requirement for a million-lb.- 
thrust solid propellant rocket at a bid- 
ders conference two weeks ago. 

Reactivation of this requirement, 
which was mothballed some months 
ago, reportedly because of possible con- 
flict with National Aeronautics and 
Space Administration's big liquid en- 
gine program, follows closely upon the 
government's realignment of space re- 
sponsibilities giving the Air Force cogni- 
zance over large military booster vehi- 
cles (AW Sept. 28, p. 27). Money 
which the Air Force originally set aside 
for this program is still intact and will 
be used. 

Three Phases 

The program is divided into three 
phases with a schedule that calls for 
completion of all three in less than five 
years. Phase I will be essentially a feas- 
ibility study and will involve the de- 
velopment and delivery of only three 
engines. At this point, there is no spe- 
cific application spelled out for the 
engines being developed in this pro- 

Also, this program, which originally 
had a nominal goal of 1 million-lb. 
thrust, now has an indicated total 
impulse requirement of 20 million-lb.- 

All bids on Phase I are due in by 
Dec. 1 5, and it is expected that the 
Air Force will give a contract go-ahead 
as early as January. Bidders who were 
selected by the Wright Air Develop- 
ment Center Rocket Propulsion Re- 
search Laboratorv— which is now being 
transferred to Edwards AFB, Calif.— 
are essentially the same companies that 
submitted proposals on the project 
seven months ago (AW May 4, p. 23) 
-Aerojet-General, Thiokol, North 
American Aviation, Grand Central 
Rocket Co., United Aircraft Corp. and 
Hercules Powder Co. 

Since it omits any mention of poten- 
tial applications and substitutes the to- 
tal impulse figure for a specific total 
thrust requirement, the Air F’orce pro- 
gram is believed to be an attempt at 
avoiding a conflict with NASA as well 
as an effort to give bidders more leeway 
in formulating their proposals. In effect. 


the Air Force is simply asking bidders 
for proposals on a solid propellant 
rocket engine that will contain a little 
over 80,000 lb. of propellant, based 
upon the present-day solid propellant's 
capability of delivering between 240 
and 250 sec. of specific impulse. If the 
Air Force had specified instead a total 
thrust of 1 million lb., this would 
mean that the same rocket engine would 
then be limited to a burning time of 
20 sec. 

However, specific impulse of solid 
propellants can be varied, and, by not 
having any indication of specific appli- 
cations or missions for the engine, the 
bidders have no way of knowing 
whether they will need or should base 
their proposals on high specific impulse 
propellants or not. 

Although the initial phase of the 
program calls for the delivery of only 
three engines, the contract is considered 
highly desirable and important by the 
bidders who regard it as representing the 
next major step in the solid propellant 
rocket field. The company that gets 
this contract, the bidders believe, will 
have a substantial competitive edge in 
the future development of large solid 
propellant rocket engines. 

It is too early to pinpoint the de- 
sign of the 20 million-lb.-sec. engine, 
but there are some aspects of this new 
booster program about which most of 
the bidders seem to be in general agree- 
ment. These include: 

• Essentially, the program will involve 
the scale-up of existing solid propellant 
engine capabilities rather than the de- 
velopment of new ones. Current solid 
propellant engine that comes closest 
to matching over-all weight, dimensions 
and performance of the new 20 million- 
lb.-sec. engine is the first stage power- 
plant of USAF's Minute-man, followed 
by the Nike Zeus booster and the 
Scout first stage motor. The Minute- 
man first stage engine contains roughly 
half the propellant weight that will be 
required in the new 20 million-lb.-sec. 
engine. The Zeus booster, which has 
a thrust of approximately 450,000 lb., 
contains less propellant than the Min- 
uteman first stage, has a much shorter 
burning time and has only about 25% 
of the total impulse of the first stage 
Minuteman engine. The Scout first 
stage engine contains between 19,000 
and 20,000 lb. of propellant which has 
a delivered specific impulse— as does 
the propellant in the other two en- 
gines— of somewhat under 250 sec. 

• Some of the bidders believe they 
could deliver the first of the new en- 
gines to the Air Force within a year. 
Others, who take a more conservative 
view, believe they could carry out the 


first static firings by that time and 
could make delivery somewhat later. 

• Total weight of the new engine is 
expected to be approximately 100,000 
lb., well within transportation limits 
and therefore not requiring on-site pro- 
pellant loading. Engine will be shorter 
but will weigh more than a comparable 
liquid propellant engine. 

• Propellant grain will have sufficient 
strength to support itself without the 
aid of reinforcing rods. 

• Some bidders will base their proposals 
on double-base propellants, others on 
composites. Those making bids with 
composites say presently available polv- 
sulfidc or polyurethane fuel binders can 
do the job, but at least one major 
bidder will not include either of these 
in its proposal. 

• Engine nozzle or nozzles will be 
scaled-up versions of the newer types 
now in use which have ablative plastivc 
exit cones. At present, there does not 
appear to be a need for a metal back- 
ing for the nozzles unless some outside 
load is imposed on them. 

• Engine will not have throttlabilitv 
or restart capability, but proponents of 
solids point out that large liquid pro- 
pellant engines now in use and under 
development do not have these either. 

• Engine casing, due to the somewhat 
tight timetable for the project, prob- 
ably will be fabricated from steel. Most 
contractors feel there would not be 
time to bring titanium to the point 
necessary to be considered as a casing 
material for this project, even though 
the design engineers arc definitely en- 
thusiastic about the material. 

Program Cost 

Because of the fact that there ap- 
parently is no actual need for new de- 
velopments, the contractors do not 
consider the project timetable as overly 
tight for the technical problems in- 
volved. For United Aircraft— the actual 
bidder will be its West Coast subsidiary. 
United Research Corp.— the lack of 
large solid propellant rocket facilities 
could prove to be a timetable obstacle 
and has given rise to speculation that 
the company might buy an established 
rocket company to get the facilities 

On other aspects of this project, 
principally cost, there is some disagree- 
ment among the bidders. One of the 
companies involved feels that the total 
cost of the program will prove com- 
petitive with those entailed in the 
production of a comparable liquid 
propellant engine provided the solid 
development program proves to be less 
complicated and less costly through, 
for example, considerably fewer test 
firings. Balanced against this expected 
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lower development cost is the higher 
cost of solid propellant materials and 
processing. At the other extreme, one 
bidder believes it could do the develop- 
ment job for roughly 10% of what it 
would cost to develop a comparable 
liquid propellant engine. If reliability 
is designed into the engine, another 
bidder believes, complicated and costly 
engine testing can be eliminated. 

Another area of disagreement is the 
time at which this program could have 
been begun. Some believe it has been 
technically feasible since 1951. Others 
say it would not have been technically 
feasible five years ago to build such a 
large solid propellant rocket because 
the mechanical properties of the fuel 
binder were not good enough to pre- 
vent cracks from forming in the grain. 

There is agreement, however, that 
the 20 million-lb.-scc. engine is no- 
where near the ultimate in large solid 
propellant rocket engines, particularly 
for space vehicle work. John Gustav- 
son, of Grand Central Rocket Co., gave 
some indication of things to conic in 
future solid propellant space applica- 
tions and, possibly, in Grand Central’s 
Dec. 1 5 proposal to the Air F'orcc, in a 
report on the use of niulti-million- 
pound-thrust solid propellant boosters. 

Gustavson proposed two solid propel- 
lant space launchers. One would have 


an initial thrust of 2.4 million lb. and 
be capable of placing a 26,000 lb. pay- 
load into a 300 naut. mi. orbit. The 
other would be a cluster of six of 
these engines with an initial thrust of 
14.4 million lb. It would put a 1 50,000 
lb, payload into a 300 naut. mi. orbit. 

On the basis of these two boosters, 
Gustavson hypothesized two three-stage 
space vehicles which he designated 
Cronus and Novus. The Cronus would 
use the single booster with the second 
and third stages on top. It would have 
a total weight of 956,000 lb. and an 
over-all length of 175 ft. Hie 26.000- 
lb. payload would sit on top of the 
third stage. 

The Novus would use the six engine 
booster clustered around the second 
stage. On top of this would go the 
third stage and then the 150.000-lb. 
pavload. Total weight would be 5,177.- 
000 lb.; over-all length 155 ft. 

The Cronus booster, as proposed bv 
Gustavson, will be 90 ft. long. 12.5 ft. 
in diameter and weigh 691.000 lb. It 
will have a burning time of 72 sec. and 
produce a thrust of 2.4 million lb. 
Novus booster will be 90 ft. long. 38 
ft. in diameter and weigh 4,145,000 lb. 
It will burn for 72 sec. and produce a 
thrust of 14.4 million lb. 

The propellant Gustavson would use 
in his boosters is the Nitrasol propel- 


lant developed by the Naval Ordnance 
Test Station and Grand Central Rocket. 
Propellant binder consists of nitrocellu- 
lose plus one or more high energy 
plasticizers. For added energy, the pro- 
pellant is formulated until ammonium 
perchlorate and aluminum. The pro- 
pellant. according to Gustavson, has a 
delivered specific impulse above 250 
sec. and costs approximately SI per 
pound as compared with 45 cents per 
pound, for conventional composite solid 
propellant, 36 cents/lb. for storable 
liquid propellants, and 2 cents/lb. for 
the cryogenic liquid oxygcn-RP-1 com- 

Thc large size of the engines means 
that they probably would have to be 
loaded— and the engine casing probably 
fabricated— on site. The ignition or det- 
onation hazard in mixing the propel- 
lants is minimized bv the small amount 
of propellant being mixed at any one 
time and by an automatic emergency 
shutdown system in the mobile contin- 
uous mixer, all proposed by Gustavson. 

High tensile strength steel would be 
used for the rocket engine casing. The 
nozzle would be a lightweight, ablative 
plastic unit such as the one developed 
by Douglas Aircraft Co. This is a 
single unit of composite construction 
consisting of converging and diverging 
sections of filament-wound, glass-fiber- 





Lockheed 'Bush Plane' Starts FAA Testing 

First flight photo of No. 1 prototype of Lockheed’s Model 60 "bush plane” shows tricycle gear designed for plane’s intended rough field 
operations in Mexico and other Latin American countries. Second prototype now is under constmction at Lockheed’s Georgia Division. 
Plane will be built in Mexico City by Lockheed-Azcaratc (AW Dec. 22, 1958, p. 41). Prototype powerplant is a 260-lip. Continental 
10-470 air-cooled engine with fuel injection; future plans include testing engines fitted with superchargers. Cabin is convertible front 
six-passenger configuration to cargo. Dimensions arc: wingspan, 40 ft.; fuselage length, 28 ft., and vertical tail height, 10 ft. 8 in. Federal 
Aviation Agency certification tests are under way. 
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Nuclear Auxiliary Space System 
May Be Operational Within Year 

By Craig Lewis and 18 in. high, and it weighs 220 lb. 


reinforced plastic with a wound-in 
throat area of Rcfrasil oriented silica 
fibers in a plastic matrix. 

Thiokol's Harold W. Ritchey, in a 
recent design and cost study of a 10 
million-lb.-thrust solid propellant en- 
gine, covered many of the factors in- 
volved in making a single, solid pro- 
pellant rocket engine much larger than 
anv yet considered. 

The engine, which would have a 
burning time of 60 sec., would be 107 
ft. long. 20 ft. in diameter and weigh 
3 million lb. It could put a 60-ton pay- 
load in a satellite orbit or a 20-ton pay- 
load on the moon. The large size of 
the engine would necessitate on-site 
propellant loading and engine fabrica- 
tion unless the casing could be trans- 
ported by barge. 

Development of new engineering 
techniques for on-site fabrication would 
be the only new development needed. 
The rest, again, would be a matter of 
scaling up existing components. De- 
velopment time up to the first flight 
would be about three years; cost up to 
the first flight would be approximately 
S70 million. Cost of each engine in 
the production stage is estimated at $4 
million. 

Plastic Units 

Propellant grain would not re- 
quire any reinforcing rods for support. 
Nozzles would be sealed-up versions of 
plastic units Thiokol has developed in 
a team effort with a number of other 
companies. 

Although the subject of this study 
appears to be considerably beyond the 
requirements of the reactivated Air 
Force booster projects, some parts of 
the study itself could be adapted to 
fit into Thiokol’s Dec. 1 5 proposal. 
More likely possibility, however, is that 
the study will probably be turned into 
a proposal as is for presentation at a 
later time. 

Aerojet, while unwilling to make 
definite projections much beyond the 
level sought in the present Air Force 
requirement, agreed that 1 million lb. 
thrust does not approach the limit 
attainable with solids. So far as the 
safety problem is concerned in putting 
a man on top of a solid propellant en- 
gine, Aerojet's Richard Goeckler con- 
ceded that it would be extremely diffi- 
cult to catch an explosion in time but 
felt that the inherently high reliability 
of solid propellant engines might be 
counted on to offset this problem. 

William Pennington, of Space Tech- 
nology Laboratories, discussed the 
growing need for and problems in- 
volved in static testing under altitude 
conditions. Occasioned by the increas- 
ing importance of space work, numer- 
ous static engine tests are now being 
run under altitude conditions and al- 


ready have demonstrated, among other 
things, important differences between 
sea level and altitude ignition of both 
liquid and solid motors as well as un- 
suspected effects of low ambient pres- 
sure on the burnout of solid engines 
and the shutdown of liquid engines. 
This is still a new area, Pennington 
said, and needs further development of 
testing methods before its full potential 
can be realized. 

Rockctdync’s S. F. Iacobcllis made 
a detailed comparison of two 1.5 mil- 
lion-lb. thrust liquid propellant rocket 
engine systems, one a single chamber 
engine and the other a cluster of eight 
proven or partially developed engines. 
From this study, he drew the following 
conclusions: 

• Single chamber engine has a higher 
ultimate reliability than the eight 
engine cluster but use of a ninth engine 
as a spare boosts cluster reliability to 
a competitive level. 

• If the same starting date is assumed 
for the development of the new single 
engine and the clustering of eight 
established engines, the cluster can 
achieve a system reliability of 0.9 one 
year sooner. Provided with a spare, the 
cluster will have a two-year lead toward 
a system reliability of 0.95. 

• Single engine normally will be more 
advanced and can be expected to have 
a booster payload advantage which, in 
this example, was calculated to be 10% 
for a three stage liquid oxygen-RP-1 
missile. 

• Development cost is much lower for 
the cluster since the major portion of 
engine testing can be carried out with 
the small individual component engine. 
Production and over-all operational 
maintenance costs, however, probably 
will favor the large single engine. 

• Mission condition will determine 
which engine system is selected. The 
cluster probably would be the choice 
for research programs requiring early 
availability of a small number of 
boosters at a new thrust level, owing 
to the cluster’s two-year advantage in 
availability' and its lower development 
cost. For long-range military programs 
requiring several squadrons of opera- 
tional vehicles, the single engine prob- 
ably would be chosen because of its 
higher ultimate reliability, superior per- 
formance and lower operational costs. 

J. P. Hynds and C. J. Kaplan, also 
of Rockctdyne, approached this same 
area from tire standpoint of safety and 
reliability for manned pavloads. Time 
and cost considerations, they said, will 
necessitate the use of engines for 
manned applications which do not have 
the safety and reliability desired. 

To improve upon this, they evalu- 
ated a number of approaches that 
would significantly improve manned 
safety and reliability but that, at the 


same time, would detract from over- 
all mission reliability. In order to 
raise manned reliability’ as much as pos- 
sible, while holding the increase in 
mission aborts to a minimum, the two 
engineers proposed the use of five 
simple safety measures which look par- 
ticularly attractive for the clustered 
liquid rocket engine system. These arc 
an “engine ready” indicator; provision 
for hold down; "Thrust O.K.” in- 
dicator (to show proper operation of all 
engines prior to release); combustion 
stability' monitor; turbine overspeed or 
gas generator overtemperature monitor, 
and provision for fire detection and 
suppression. Eventually, Hynds and 
Kaplan said that large liquid engines 
may achieve individual reliabilities 
against catastrophe of 0.999-plus and 
preclude the necessity for safety' devices 
even on clusters. 

On the subject of safety and reli- 
ability of liquid rocket engines for 
manned flight. Aerojet-General’s James 
Madden emphasized the point that 
multi-engine liquid rocket clusters in 
which one or more of the engines may 
be considered redundant appear to offer 
the highest reliability and safety for 
manned space vehicles. 

More specifically. Madden feels that 
a cluster of seven to 10 engines in the 
100,000-200,000-lb. thrust range would 
provide the best immediate booster 
system for manned flight. In a 10- 
cnginc cluster with one engine totally 
redundant. Madden estimated that it 
will be possible to achieve a reliability 
of approximately 93.5%. Making two 
engines totally redundant would raise 
this reliability figure to slightly over 
96% without significantly impairing 
over-all vehicle performance, lie said. 

Madden also believes that it is ab- 
solutely necessary to incorporate auto- 
matic monitoring and engine shutdown 
devices in the system to achieve the 
high reliability available from redun- 
dant engine clusters. At the same time, 
he disagreed with Hynds and Kaplan 
on the need for engine fire indicators. 
Madden feels that such devices are en- 
tirely unwarranted and would, in fact, 
prove hazardous, because the resultant 
shut-down would often be caused by a 
false indication and hence reduce the 
pilot’s over-all safety probability by re- 
moving the survival factor provided by 
the engine. 

He does agree with the Rockctdyne 
authors on the advisability of providing 
a hold-down period. For an individual 
engine. Madden said a short hold-down 
period of roughly 3% of the total 
engine operating duration would make 
it possible to eliminate over one-third 
of the total potential failures from in- 
flight safety hazards and would be 
worth the accompanying slight reduc- 
tion in over-all performance. 


Washington— Small nuclear auxiliary 
power system designed for space 
vehicles is currently running in proto- 
type fonn and is expected to be opera- 
tional within a year. 

The experimental reactor is designed 
to produce heat for a three kilowatt 
power system that will operate for one 
rear. Built by Atomics International 
Division of North American Aviation, 
the reactor has been tested at design 
power and temperature at a company- 
operated AEC facility in the Santa Su- 
sana Mountains north of Los Angeles. 

SNAP reactor was developed for 
AEC’s Systems for Nuclear Auxiliary 
Power program under the SNAP II 
concept. It parallels SNAP I and III 
programs based upon use of radioiso- 
topes to operate power conversion 
equipment. SNAP II experimental 
reactor system was developed under a 
S6.5 million AEC program, but pro- 
duction units are expected to cost 
about about S400.000. 

AEC Chairman John A. McCone 
estimates that the SNAP II reactor and 
power conversion system will be in op- 
erational form as an auxiliary power 
unit within a year. He described the 
new development to a session of the 
American Rocket Society last week. He 
also reported progress in these fields: 

• Project Pluto nuclear ramjet program 
is progressing rapidly and “our scient- 
ists arc so sure of success— despite tech- 
nical problems yet unanswered— they 
are willing to forecast not only when 
the demonstration unit will be proven 
on land but also when the ramjet will 
be ready for operational use.” 

• First experiments with Project Rover 
nuclear rocket program using hydrogen 
fuel confirm theories concerning the 
very' high specific impulse attainable 
with nuclear energy. McCone said it 
appears from both theory' and actual 
test that “the fantastic energy of the 
atom— the very high specific impulse 
obtainable-can be used successfully in 
a rocket engine.” 

• Development of a nuclear-powcred 
aircraft is important, and “it must be 
brought into useful reality in the short- 
est possible time." McCone said it is 
desirable to choose the most promising 
of the two concepts currently under 
study for nuclear aircraft power and to 
concentrate on it. “This is one of the 
tough decisions that needs to be made- 
and soon— and we as a nation must face 
up to it with resolve.” 

SNAP II experimental reactor is 
housed in a cylinder 14 in. in diameter 


without shielding. The reactor is fueled 
with enriched uranium. In the power 
conversion system, heat from the re- 
actor will be transferred through a 
liquid sodium coolant to a boiler where 
it will vaporize mercury, and the 
mercury vapor will drive a turbine. 
Mercury in the closed circuit system 
also lubricates bearings in the power 
generation system. 

Turbo-generator in the power con- 
version system weighs about 30 lb. 
Mercury vapor-driven turbine drives a 
generator to produce the three kilo- 
watts of power. Life of the system is 
basically limited bv the life of the 
moving parts in tlie conversion sys- 
tem. Components were developed bv 
Thompson Ramo Wooldridge, Inc. 

McCone said the SNAP II reactor is 
the smallest known operating reactor in 
the world by a substantial margin. In 
its operational form, the nuclear auxi- 
liary power system will go into opera- 
tion in space when tne reactor is 
activated by a ground signal. Signal 
will not be sent until a successful long- 
lived orbit has been established for the 


Possible X-15 Fix 

Washington— North American Avia- 
tion, Inc., may change the damping 
which controls the rate of spread of 
X-15 research aircraft's rear skids. Indi- 
cations are that this may be the best fix 
to correct a touchdown problem that has 
come to light in the flight test program 
thus far. 

Apparently, certain design criteria for 
the plane’s landing gear have turned out 
to be deficient, according to the flight 
test results. Damping was low on the 
first flight, when the aircraft contacted 
the ground at the bottom of one of the 
pitching oscillations which developed 
late in the final approach and were in- 

as a refnlt of thfs incident. 

After the plane sustained structural 
damage through failure of a fastening 
during recent emergency landing on 
Rosamond Dry Lake (AW Nov. 9, p. 34; 
Nov. 16. p. 32) and it was ascertained 
that the landing was made within the 
prescribed limits of airspeed and sink 
rate— although the airspeed was the low- 
est of any landing yet— it was indicated 
that some sort of fix is needed in the 

Rate of spread of the two skids at the 
rear also influences the rate at which the 
nose is pitched down and contacts the 
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space vehicle carrying the system. 

This factor makes the SNAP II sys- 
tem safer than the radioisotope before 
and during launch because the reactor 
is cold until signaled, while the radio- 
isotope is continuously hot. Both 
present problems on re-entry when they 
might contaminate the atmosphere as 
their carrier vehicles bum up. 

News Digest 


Soviet Premier Nikita Khrushchev 
told a meeting of Soviet journalists last 
week that “250 rockets with hydrogen 
warheads came off the assembly line of 
the plant we visited in one year," and 
said his recent disarmament proposal 
was not based upon military, political 
or economic weakness. 

Scheduled strike of Trans World Air- 
lines hostesses set for Nov. 18 was 
averted last week when the carrier and 
Air Line Stewards and Stewardesses 
Assn, agreed to arbitration. 

Piasecki Aircraft Corp. will develop 
a successor to the VZ-8P aerial jeep. 
New 'chicle, designated 59-H by Pia- 
secki, will have slightly larger fan blades 
which will be tilted to permit higher 
speeds. Blades will be metal instead 
of wood, and advanced dual control 
system will be installed. Powcrplant 
will be two 425 eshp. Artoustc II-C 
gas turbines: VZ-8P lias one Artouste 
II-B (AAV May 11, p. 32). 

General Electric’s Military Electron- 
ics Department was awarded a 524 mil- 
lion USAF contract for production of 
its AN/FPS-24 radar capable of detect- 
ing supersonic aircraft at long range 
despite interference and enemy counter- 
measures. The radar will be tied into 
the SAGE system. 

Flying Tiger Line will sell 55 million 
in 5j% convertible notes to the New 
York Central Railroad for the purchase 
of new equipment. Notes arc con- 
vertible to common stock at 520 per 
share for 10 years and 525 per share for 
five years thereafter. Proceeds, which 
will be drawn down in 1961, will be 
used to purchase aircraft in addition to 
the 10 Canadair CL-44D turboprop all- 
cargo transports now on order. 

National Aeronautics and Space Ad- 
minsitration’s Project Tiros meteoro- 
logical satellite is scheduled to be 
boosted into a 400 naut. mi. circular 
orbit on Jan. 12 from Cape Canaveral, 
Fla. Payload may carry up to three 
television cameras with varying degrees 
of viewing resolution. Radio Corp. of 
America is furnishing the payload under 
Army Signal Corps contract. 


AIR TRANSPORT 



CHART at left shows sharp drop in Mach 2.5 jet maintenance costs; at right is comparison of operating costs of three types. 


Study Predicts Mach 2-3 Transport Costs 


ARDC-sponsored project concludes that fuel will 
be major item; greater productivity is also cited. 

By William S. Reed 

Los Angeles— Supersonic transports, designed and built with today's tech- 
nology and using conventional fuel, may find their most economical cruising 
speed in the Mach 2.5 to 5 range. 

Such aircraft would be nearly 20 times as productive in a military logistics 
role as tire Douglas C-124 Globcmaster. Similarly, the supersonic vehicle 
would prove more productive than reciprocating or subsonic turbine-powered 
transports in a commercial role, according to a recent study by Planning 
Research Corp., Los Angeles, under contract to Air Research and Develop- 
ment Command. 

Xo attempt was made in the study 
to assess the feasibility of developing 
such a transport, but rather the foc-.il 
point of the study is the economic 
aspects of operating such a vehicle. 

Main Objectives 

Tire study was undertaken to fulfill 
these main objectives: 

• Provide a comparative analysis of 
reciprocating, high speed subsonic tur- 
bine transports and supersonic trans- 
port aircraft both in the military sys- 
tem and in commercial airline opera- 

• Forecast potential demand for super- 
sonic transports in the domestic and 
world-wide commercial markets. 

As an adjunct to the study, and also 
to provide a tool with which to assess 
the problem, Planning Research Corp. 
developed a method of estimating direct 


and indirect operating costs of current 
and projected transport aircraft, both 
military and commercial. A parametric 
analysis approach was used on a gen- 
eralized family of supersonic transports, 
design and performance characteristics 
of which represent the spectrum of de- 
signs proposed by airframe and engine 

Parameters for the generalized su- 
personic transports fall within the fol- 
lowing limits: 

• Takeoff gross weights between 175,- 
000 to 700.000 lb. 

• Design speed of Mach 1.5 to 5.5. 

• Design ranges of 1,000 to 4,500 naut. 

Xo attempt was made to optimize a 
particular supersonic aircraft design or 
to provide a comparative evaluation of 
particular designs. The goal was to pro- 
vide a relative cost comparison covering 


the entire spectrum of proposed super- 
sonic transports. Cost comparisons 
made show the effect on operating 
costs as: (1) takeoff gross weights arc 
varied (2) designs speeds are varied, and 
(3) design ranges are varied. A com- 
parative cost analysis also is made be- 
tween these parametric transports and 
current subsonic transports. 

Forecasts of the commercial air traf- 
fic volume in the 1960-1975 era also 
have been made in order to predict the 
potential commercial market for super- 
sonic transports. 

Cost Comparisons 

Cost methods, devised to permit the 
comparative cost analysis between pres- 
ent aircraft and the projected super- 
sonic transport, allow valid and reliable 
relative cost comparisons to be made, 
according to the study. Six items are 
considered in order to form a basis for 
cost projection. In most eases, histori- 
cal trends are considered and the figures 
then extrapolated to fit the supersonic 
transport era. 

Crew costs arc determined by an- 
alyzing the manning policies of the 
Military Air Transport Service in the 
case of the military transport and by- 
analyzing the trends occurring between 
aircraft productivity and crew salaries 
as determined bv discussion with air- 
line and Airline Pilots Assn, personnel. 
The analytical results provide a basis 
for extrapolating crew costs into the 

Maintenance costs arc projected by 
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using as a basis the relationships de- 
veloped for subsonic jets and recipro- 
cating transports' with the analysis of 
correlations frequently used to predict 
maintenance costs. Additional informa- 
tion was gained from airframe and en- 
gine manufacturers (e.g. engine main- 
tenance guarantees, aircraft design 
characteristics) and the consideration of 
operational factors which may affect 
maintenance costs peculiar to the high 
speeds at which the aircraft may oper- 
ate. Also considered are labor costs 
projected from the historical relation- 
ship between aircraft empty weight and 
labor costs and the historical relation- 
ship of aircraft flyaway costs to material 

Fuel cost estimates arc based on the 
world-wide into-plane price for the 
USAF or. in the ease of the airlines, that 
price charged for JP fuel in large quan- 
tities plus an allowance for a two cent 
per gallon federal tax. In determining 
fuel cost. Mach numbers from 1.5 to 
3.5 with lift-to-drag ratios of 9.5 to 7.0 
were considered with specific fuel con- 
sumptions for both afterburning and 
non-afterburning aircraft. 

Depreciation is estimated by analyz- 
ing initial aircraft costs as projected by 
the aircraft industry. Depreciation costs 
arc based on a procurement program 
of 100 aircraft having a 10 year useful 
life. 

The study also assumes a 10% 
residual value for both the aircraft and 
spares. For the military transport, a 
6 hr. dailv utilization is assumed and 
for the commercial version. 8i hr. daily- 
utilization. 

Attrition rate for the military trans- 
port and insurance costs for the com- 
mercial version arc projected by ana- 
lyzing historical trends in the Air 
Force and by analyzing historical 
trends in insurance rates for commer- 


cial airlines. These costs were, in turn, 
extrapolated to the time period con- 
sidered in the study. 

Indirect costs were established by 
studying historical relationships be- 
tween direct and indirect costs in both 
MATS and in commercial airline op- 

Economic feasibility study of a su- 
personic military transport brought 
Planning Research Corp. to the fol- 
lowing conclusions: 

• Fuel costs will be the most significant 
operating cost factor at supersonic 
speeds. Improvements in fuel con- 
sumption will significantly improve 
efficiency in terms of operating costs 
per available ton mile of the super- 
sonic transports. 

• Productivity of supersonic transports 
at Mach numbers from 2.5 to 3 rep- 
resents significant gains over the pro- 
ductivity of present day subsonic trans- 

• Selected operating costs, with de- 
sign range and design speed held con- 
stant, decrease as the takeoff gross 
weight of the supersonic transport in- 
creases because of the consequent in- 
creased payload capability. This does 
not allow for frequency of service re- 
quirements or the attainment of 
economic load factors, both of which 
must be considered in optimizing a 
specific transport size. 

• Mach 2.5 appears to be the most 
efficient speed for supersonic trans- 
ports assuming const-ant takeoff gross 
weights. Basis for this conclusion arc 
present operating and design character- 
istics, particularly specific fuel con- 
sumption, and docs not measure the 
fact that future technical advances will 
benefit operating costs at Mach 3 rela- 
tively more than those at Mach 2.5. 
Specific aircraft development programs 
should, therefore, consider speeds in 


the area of Mach 3, as well as those in 
the area of Mach 2.5, in order to take 
advantage of the greater growth poten- 
tial at the higher speed. 

• Superior efficiency of the supersonic 
transport is evident when measured in 
terms of operating costs per available 
ton mile, particularly at speeds in the 
area of Mach 2.5. Supersonic trans- 
ports at speeds in the area of Mach 2.5 
appear to be more efficient than ad- 
vanced subsonic cargo jet transports. 
Even at speeds in the area of Mach 3, 
supersonic transports appear to be 
competitive with the swing-tail cargo 
jets except at extreme ranges. 

Productivity of various transport air- 
craft was determined in order to de- 
velop a cost per available ton mile per 
hour so that economic comparisons 
among military- transport aircraft could 
be made. Increase in productivity of 
the su personie transports is apparent 
from the analysis made by Planning 
Research Corp. As an illustration, for 
aircraft of approximately the same take- 
off gross weight and at a range of 3,000 
naut. mi., productivity of a Mach 2.5 
transport is about 20 times greater than 
a Douglas C-124 Globemaster. 

Comparison also is made between 
aircraft initial cost and available pro- 
ductivity. Initial cost per ton mile of 
available productivity was obtained by- 
dividing the initial flyaway cost of the 
aircraft by the available ton miles at 
the range indicated. This example 
shows the value of speed and the de- 
creasing initial cost of productive ca- 
pacity as speed increases. For example, 
initial cost per available ton mile per 
hour of the C-124 was approximated 
SI, 180, while in the family of super- 
sonic transports studied by Planning 
Research Corp.. the figure is esti- 
mated at S277. 

The study also concludes that with 
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design speed and design range held 
constant in the family of supersonic 
transports (both afterburning and non- 
afterburning), efficiency increases as 
takeoff gross weight increases. Effect 
of decreasing costs with increasing 
takeoff gross weight results from the 
fact that although hourly costs of op- 
eration arc increasing as the aircraft be- 
comes larger, productivity increases at 
a much more rapid rate. 

This analysis is based strictly on 
available ton-mile productivity. No 
consideration is given to load factors 
or other qualitative factors, such as 
frequency of service, both of which 
factors may tend to support smaller 
transports. In selecting a particular 
takeoff gross weight, consideration must 
be given to these factors. However, 
optimizing aircraft size was not within 
the scope of the study, which is de- 
signed only to measure the relative ef- 
fect on costs with variations in the de- 
sign parameters considered. 

Fuel Costs 

Fuel costs become a more significant 
part of selected direct operating costs 
as the speed of the supersonic transport 
increases. Whereas fuel costs represent 
about 26% of the selected direct oper- 
ating cost of a C-124, fuel represents 
65 to 70% of the selected direct oper- 
ating costs for a Mach 5 transport. 

Although the study indicates that 
Mach 2.5 appears to be the most effi- 
cient speed from a cost standpoint, 
considerations directed at specific air- 
craft research and development pro- 
grams must take into account the fact 
that, as technical advances are made, 
Mach 5 will rapidly become a relatively 
more efficient speed. Productivity at 
this speed is such that rather small 
decreases in fuel consumption result in 
significant decreases in operating costs, 
and these decreases arc relatively larger 
than those which will occur at the 
Mach 2.5 speed. For example, a 5% 
decrease in fuel consumption at Mach 3 
at a design range of 3,000 naut. mi. 
results in a 9% increase in productivity. 
For the same case at a speed of Mach 
2.5, a 3% reduction in fuel consump- 
tion results in only a 6% increase in 
productivity. Operating costs for the 
two cases will be affected correspond- 
ingly. Planning Research Corp. con- 
cludes that any specific aircraft pro- 
gram should consider the Mach 3 
regime area as well as Mach 2.5 in order 
to take advantage of the superior growth 
potential of the faster speeds. 

A comparison of selected direct oper- 
ating costs per available ton mile shows 
that the supersonic transport remains 
competitive with subsonic cargo jets 
until ranges of over 5,500 naut. mi. are 
considered. The report points out that 
the cargo jet used to illustrate cost 
factors is a second generation develop- 


ment, or swing-tail model, of present 
subsonic turbine transports while the 
supersonic transport reflects the per- 
formance of a first generation aircraft. 

Even when total direct operating 
costs per available ton mile are con- 
sidered. which include factors for depre- 
ciation and attrition, the supersonic 
transport again shows clear superiority. 
Depreciation costs represent the amor- 
tization of initial costs over a 10-year 
period and arc based on procurement 
quantities of 100 aircraft. Commer- 
cial version of a supersonic transport 
also appears to be economically feas- 
ible. Conclusions drawn by Planning 
Research Corp. are: 

• Productivity of a supersonic transport 
is superior to that of a subsonic turbine- 
powered transport and the margin of 
superiority extends even further over 
reciprocating engine aircraft. 

• Fuel costs, as in the military version, 
will represent over half the direct oper- 
ating cost of a supersonic transport. 
Related to productivity, however, cost 
of fuel per scat mile is the same for a 
175.000 lb. Mach 2.5 supersonic trans- 
port as for the subsonic turbojet. 

• Heavier gross weight supersonic air- 
craft will be less economical in com- 
mercial operation than the lighter air- 
craft because it appears that aircraft 
capability cannot be uniformly trans- 
lated info passenger payload. 

• Mach 2.5 transports appear to be the 
most economical. However, growth po- 
tential of a Mach 3 configuration makes 
the speed worthy of consideration. 

From the standpoint of direct oper- 
ating costs, the Mach 2.5 supersonic 
transport, weighing 175.000 to 300.000 
lb. is more economical than the sub- 
sonic turbojet. On a set mile basis, fuel 
costs are equal but in other categories 
of direct cost the supersonic transport 
is 35 to 50% less expensive due to its 
superior productivity. 

Indirect costs, which represent ap- 
proximately 50% of total operating cost 
in commercial airlines, were analyzed 
by Planning Research Corp. to deter- 
mine the historical trends in each of 
the indirect cost categories (passenger 
service, general and administrative, ad- 
vertising and publicity, and ground 
equipment depreciation). Trends are 
projected for the supersonic transports 
and the values combined with direct 
costs in order to estimate total costs. 

When indirect costs are added to 
direct costs, configurations up to 300,- 
000 lb. at Mach 3, as well as Mach 2.5. 
are found to be less expensive and 
superior to recent turbojet aircraft at 
an operating range of 2,875 stat. mi. 

Scat mile costs arc also projected as 
they vary with range and selected seat- 
ing capacity. Seating capacities of the 
supersonic transport were established at 
a design range of 4,025 stat. mi. If a 
shorter design range is desired, seating 


capacity should be increased with a 
resulting decrease in scat mile cost. 

Greater efficiency of the supersonic 
transports is again evident by the fact 
that for a design range of 4,025 stat. mi.. 
a Mach 2.5, 1 00-passcnger transport 
could operate for a total cost of 2.05 

turbojet transport operating cost is 
about 2.65 cenfs per scat mile. 

Projections of the air travel passenger 
market also are made to determine, 
within reasonable limits, the com- 
mercial market which might be served 
by supersonic transports in 1960-1975. 
Prediction of total air travel is made as 
well as of possible first class air travel 
in two major parts: domestically, within 
the borders of the continental U.S. and 
internationally, both between the U.S. 
and foreign or overseas countries and 
among the foreign countries themselves. 

Long haul portion of total air travel 
volume indicates similar relative trends 
among the three categories of air travel. 
It is this segment of the market in 
which supersonic transports will op- 
erate. The Planning Research Corp. 
study indicates the growth of total long 
haul traffic to be from 31.6 billion pas- 
senger miles in 1960 to 116.7 billion 
passenger miles in 1975. 

Investigation of the distribution of 
long haul air travel by minimum trip 
length revealed that, as the minimum 
trip distance is shortened, there is a re- 
sultant substantial increase in volume. 
The minimum trip parameter shows 
that 40% of the total passenger volume 
is attributed to trips of over 2,000 mi.. 
but 60% to trips between 1,000 and 
2.000 mi. 

Competitive Transportation 

Thus, the study concludes that super- 

the shorter ranges (L000-2.000 iiii.1 
where the bulk of the long haul volume 
is located. Requirements for commer- 
cial supersonic transports arc adjudged 
to be approximately 60% of the total 
market in light of' the historical fact 
that, as of any particular time, the 
fastest and most modern aircraft types 
have accounted for only about 60% of 
the commercial traffic carried or scat 
miles offered the public. Determination 
of aircraft requirements is based upon 
an aircraft utilization of 8 hr. per day. 
a passenger load factor of 60%, and 
the capture of 60% of the total market 
by supersonic equipment. Forecast 
niadc bv Planning Research Corp. in- 
dicate an approximate 50% increase in 
the number of aircraft required in 1970 
as against 1965 and an additional 40% 
increase by 1975. 

A summary of Planning Research 
Corp.’s study can be obtained from the 
company’s Economics Division for 
S2.50. Address is: 1333 Westwood 
Blvd,, Los Angeles, Calif. 
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American Shuffles Management, 
Appoints Sadler General Manager 


By L. L. Doty 

Washington— American Airlines last 
week announced sweeping changes in 
its top-level management group which 
place G. Marion Sadler, a sales execu- 
tive. in the newly created position of 
vice president and general manager. 

With eight department heads, in- 
cluding three new vice presidents, re- 
porting directly to Sadler, the fonner 
vice president-sales and service assumes 
full direction of the administration of 
the company’s business under C. R. 
Smith who remains president of the air- 
line. Five senior officers, who will con- 
centrate on long-range planning pro- 
grams, also will report directly to Smith. 

The announcement of the changes 
came several days after the surprise 
resignation of Charles A. Rhcinstrom, 
executive vice president of sales, who 
has rejoined J. Walter Thompson Co., 
New York advertising firm, which he 
left one and one-half years ago to 
return to American. Before joining 
J. Walter Thompson for the first time. 
Rhcinstrom had operated his own con- 
sulting agency. Before that, he had 
been with American for 18 years. 

Rheinstrom's resignation reportedly 
was the result of a strong disagreement 
with the revised organizational struc- 
ture. Looked upon in aviation circles 
during the past year as the “number 
two man" in the company and “heir 
apparent” to the presidency. Rliein- 
strom sought and usuallv won complete 
freedom of action in the direction of 
his department. 

This was evident when, shortly after 
rejoining American, lie took a strong 
stand against the no-show penalty plan 
which American, including C. R. 
Smith, and the rest of the trunkline 
industrv unanimously endorsed ns a 
means of reducing no-show costs. 
Rhcinstrom persuaded American to 
switch its position on the issue, and 
the plan was eventually killed since it 
lacked the unanimous backing needed 
to adopt such resolutions within the 
framework of the Air Traffic Confer- 

Five vice presidents now reporting 
directly to C. R. Smith under the re- 
vamped management structure arc Wil- 
liam M. Hogan, executive vice presi- 
dent. finance and planning: O. M. 
Mosier, executive vice president, in- 
dustry planning: George A. Spater. 
executive vice president and general 
counsel; C. W. Jacob, senior vice presi- 
dent. public affairs; and Willis Player, 
vice president, public relations. 

In announcing the plan, C. R. Smith 


said that the senior members of man- 
agement will now be able to concentrate 
on long-range planning and. at the 
same time, their experience will be 
available to the younger officers who are 
charged with the day-to-day conduct of 
the business. Associates close to Rhcin- 
strom expressed the view that this role 
of “elder statesman” rather than that 
of an active director of daily activities 
would have little appeal to him. When 
he rejoined the company in April, 1958, 
Rhcinstrom was named one of four 
executive vice presidents in the senior 
officer group of the airline. The others 
were Hogan, Mosier and Spater. 

Sadler will direct the administration 
and operation of the carrier as vice 
president and general manager. Report- 
ing to him will be three new vice 
presidents— R. L. Fitzpatrick, sales and 
service, F. J. Mullim, field activities, 
and Melvin A. Brenner, schedules and 
equipment utilization. 

Other department heads reporting to 
Sadler arc L. E. Glasgow, vice president 
and controller; P. W. Kayser, sice presi- 
dent, personnel; W. B. Whitacre, vice 
president, flight; F. C. Wiser, vice 
president, technical services, and W. G. 
Whitney, assistant vice president, or- 
ganizational planning. 

Thus, American places an increased 


San Francisco— Hawaii's ambitions to 
develop its tourist potential competed 
with San Francisco's refusal to support 
additional air service between it and 
Hawaii at second phase hearings held 
here last week by the Civil Aeronautics 
Board on the Transpacific Route Case. 

Spokesmen for the city say the de- 
cision to take the present stand was 
based on the fact that traffic does not 
justify authorization of a third carrier 
on the route between San Francisco 
and Honolulu. Present annual traffic 
volume is set at 100,000 passengers. 
The route is now flown by Pan Ameri- 
can and United Air Lines. The spokes- 
man said if traffic should grow to 150,- 
000 passengers per year, a third carrier 
would be justified. United said the line 
plans to increase San Francisco-IIono- 
lulu seats 39% by 1962. 

San Francisco is supporting authoriza- 
tion of unrestricted, competitive serv- 
ice from here to Tokyo via the great 
circle route and authorization of Amer- 
ican carriers to operate into the South 
Pacific via Tahiti, a route already being 
flown by foreign flag carriers. 

Western Air Lines President Terrell 


emphasis on its sales activities as the 
growing number of jet transports 
threaten to boost seat capacity and 
reduce load factors. Since joining 
American in 1941 as a ticket agent in 
Nashville. Sadler has specialized in 
traffic and sales. 

In 1955, while serving as district 
sales manager in Buffalo, N. Y., Sadler 
wrote a sales manual that attracted the 
attention of management and won him 
a position in American's New York 
headquarters as director of airline pas- 
senger service. In 1957, he was elected 
vice president, customer service. 

C. R. Smith said that one of the 
prime purposes of the reorganization is 
to make certain that the company is 
grooming a new management group 
composed of junior officers who carry 
authority and responsibility. He said 
the program is designed to help dev elop 
the “many excellent and capable" 
people in American for the manage- 
ment of tomorrow’s business by giving 
them increased responsibility today. 

He said the change in the manage- 
ment structure results from a continu- 
ing study to determine how the air- 
line’s general office management as well 
as the field organization can best be 
established to handle today’s business 
and prepare for the future. He added: 

“We are in a growing business, one 
in which the techniques continue to 
change. Wc should not remain static 
in the form of our organization, just as 
we cannot afford to remain static in the 
kind of airplanes we operate.” 


C. Drinkwatcr pointed out that the large 
number of carriers proposing routes 
from midwestern cities, bypassing San 
Francisco, is a possible explanation on 
the city’s stand. San Francisco boosters 
have long identified the city as the 
"Gateway to the Orient." 

Continental Air Lines says it is pre- 
pared to offer an economy class fare of 
S88 from San Francisco to Honolulu 
and S141 from Chicago. Western 
would propose a single fare to any 
point in the islands, with the privilege 
of landing at any point and continuing 
to another at a later date with no ad- 
ditional charge. 

Hawaiian Airlines witnesses testified 
that expanded air service is essential to 
the continued growth of the island 
economy. Tourism was described as the 
only industry' with any remaining poten- 
tial. 

San Francisco phase of the hear- 
ings, being conducted by CAB Ex- 
aminer William J. Madden, is expected 
to last for two weeks. Washington 
phase, at which airlines will present 
arguments on their own behalf, will 
begin Dec. 1 . 


City Opposes Third Hawaii Carrier 
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IATA Will Ban Manufacturers 
From 1960 General Meeting 


Washington— Transport manufactur- 
ers of five nations have been banned 
from the 1960 annual general meeting 
of the International Air Transport Assn, 
in Copenhagen by the association’s 
executive committee. 

This action taken by the IATA ex- 
ecutive committee at the recent annual 
meeting in Tokyo (AM' Oct. 26. p. 49) 
was revealed in a letter from Sir Wil- 
liam Ilildred, IATA director general, 
to the U. S. Aerospace Industries Assn., 
the Society of British Aircraft Con- 
structors and French, Dutch and Ca- 
nadian manufacturers who had repre- 
sentatives at the Tokyo meeting. 

Relations between IATA and the 
manufacturers during the annual meet- 
ing have been a source of friction for 
the past five years. Sir William’s letter 
made it clear that IATA was not ob- 
jecting to the formal entertainment 
program offered by the manufacturers 
during the annual meeting but to the 
constant contacting of airline officials 
by manufacturers during the intervals 
between IATA business sessions. Con- 
scqucntlv, the manufacturers were be- 
ing asked not to come to Copenhagen 
during the annual meeting there next 
September. 

Sir William noted that he had orig- 
inally warned the manufacturers in 
1957 that their entertainment programs 
were interfering with the objectives of 
the annual meeting and that subse- 
qucntly the manufacturers had cooper- 
ated in this regard at the New Delhi 
and Tokyo meetings by combining in a 
single function coordinated with the 
IATA program. 

“My letter of 6th December. 1957, 
did not raise the question of the pre- 
sence of manufacturers at the place 
of meeting,” Sir William wrote AIA 
and SBAC. “I hoped and believed that 
the presence of manufacturers would 
give rise to no difficulty as long as there 
was cooperation on the provision of 
entertainment because, clearly, contact 
between the airline people and the 
manufacturers at appropriate times is 
necessary. 

"Unfortunately we must recognize 
that these hopes have not materialized. 
In Tovko the activities of certain manu- 
facturers gave rise to considerable ad- 
verse comment. Airline presidents found 
they could not venture into the hotel 
lobby without being accosted by manu- 
facturers’ representatives. When they 
wished to speak amongst themselves 
they found they could not do so, and 
they questioned whether the annual 
general meeting was the appropriate 
time for contact with manufacturers. 


Additionally, considerable difficulty was 
caused bv strong pressure from the 
manufacturers for increased invitations 
to programed functions. 

“The IATA executive committee 
considered this situation at one of its 
sessions in Tokyo during the annual 
general meeting and came to the un- 
avoidable conclusion that the presence 
of the manufacturers’ representatives 
was detrimental to the practical ob- 
jectives of the annual general meeting 
and made difficult private conversations 
between airlines, created unhappy feel- 
ings and cost the manufacturers a great 
deal of money. 

"So far as concerned the social pro- 
gram, they felt that the expected enter- 
tainment of a large number of 
manufacturers’ representatives was an 
unwarranted addition to the host’s ex- 
penses, which were already heavy 
enough. Obviously IATA cannot decide 
whether or not manufacturers will have 
representatives in the same city: at the 
same time as the annual general 
meeting. 

“However the executive committee 
came to the conclusion that it would 
be in the best interest of both the 
manufacturers and the IATA members 
if the manufacturers were to decide not 


Soviet Trade Unionists 
Rap French Aviation 

Moscow— Soviet Russia's delegation of 
airline trade unionists which recently 
visited France to establish “friendly 
contacts" used the trip for Communist 


Writing in Aeroflot’s house organ, 
Grazhdanskaya Aviatsiya. V. Mishinkin, 
chairman of the Central Committee of 
the USSR's Aviation Workers’ Trade 
Union, charged that French airline 
workers' living standards arc constantly 
falling, that crews on Air France's piston- 
engine planes must fly up to 140 hr. 
monthly, and that French airline main- 
tenance personnel live in fear of losing 
their jobs as a resuit of the Air Union 
pact providing tor cooperation (and pos- 
sible integration) among French, Italian, 
Belgian and West German carriers. 

According to Mishinkin, “plans call 
for concentrating aircraft repair (for Air 
Union members) in West Germany. 
This can lead to reducing the (French) 
work force, to the transfer of skilled 
workers to other countries and to the 
firing of personnel who refuse to be 
transferred.” 


to come. Committee members ob- 
served that they had not reached this 
conclusion without considerable soul 
searching and with some initial hesita- 
tion. However, they could not avoid 
the unmistakable conclusion that only 
on this basis would the annual general 
meeting achieve its practical objec- 
tives.” 

Some IATA members objected to 
the size of some manufacturers’ dele- 
gations at the general meeting sites, 
some of which were four times the 
size of the largest airline group, and the 
manufacturers’ pressure for quantities 
of invitations to social events. They also 
raised the point that the costs of the 
manufacturers hospitality was actually 
increasing the sales costs of transports 
which eventually would be passed on 
to the airlines. 

Some manufacturers feel the execu- 
tive committee's decision has been in- 
fluenced by a consistent antipathy of 
the IATA staff in Montreal to their 
activities. They point out that IATA 
was glad to have them finance enter- 
tainment at annual meetings where 
the host airline was under financial 
strain but, now that this problem has 
been solved, they feel IATA is trying 
to push them out of the picture. 

Braniff 707 Service 
Set for December 

Dallas, Tex.— Braniff International 
Airwavs will inaugurate dailv Boeing 
707-227 “El Dorado Super Jet” service 
on Dee. 20, with the initial flight leav- 
ing New York for Dallas. First of four 
707s ordered by Braniff will leave 
New York dailv at 9 a.m. EST and 
arrive at Dallas 11:10 a.m. CST. It 
will then make a Dallas-Chicago flight 
leaving here at 12:15 p.m. and arriving 
at 2 p.m. and leave Chicago at 3:15 
p.m. and arrive in Dallas at 5:05 p.m. 

Following delivery of its first 707- 
227 next month, Braniff will get the 
remainder of its airplanes at one-per- 
month rate. The Mach .9 transport is 
powered by four 1 5,800-lb.-thrust Pratt 
& Whitney JT4A-3 turbojets providing 
approximately 5,800 lb. thrust more 
than the JT3 engines on earlier 707s. 
Extra thrust will eliminate need for 
water injection during takeoff, elimi- 
nating the heavy smoke dispersed by 
earlier model 707s. 

Braniff has leased a Boeing 707 from 
the manufacturer for crew training at 
its Dallas base to offset the time delay 
in initial delivery occasioned by the 
crash of the airline’s first airplane at 
the factory (AW Oct. 26, p. 45). 

Braniff this year expects to go over 
the S74 million goal of revenues it set 
for 1959— in 1960 it is setting a quota 
some 25% higher, with a target of 
more than §100 million in revenues. 


AVIATION WEEK, Nc 


23, 1959 






You can depend on 


Sinclair 

Aircraft Oils 


\Sinc/o/rl 

jnS 


Sinclair Refining Company, Aviation Sales. 600 Fifth Avenue, New 


20. N. Y. 



Swissair Schedules 
DC-8, Caravelle Runs 

Geneva— Swissair provisional jet 

schedules, slated to start next spring, 
arc tied to May delivery dates for its 
first Douglas DC-8 and Sud Aviation 
Caravelle jet transports. 

First DC-8 is scheduled to enter serv- 
ice May 4, in three-timcs-wcekly flights 
on the North Atlantic between New 
York and Zurich. Second DC-8, to 
start service on June 10, will permit the 
airline to raise its frequency on the same 
route to seven times per week. Third 
DC-8, with an Aug. 1 service date, will 
be used to increase the frequency even 
further, working between nine and 12 
total flights across the Atlantic with the 
three-plane fleet. Four of these flights 
will go via Lisbon. 

Swissair’s Caravelle flights will start 
on May 1 5. First Caravelle then com- 
ing into service will fly three times a 
week from Zurich to London. Flying 
time will be 1 hr. 35 min., thus cutting 
the time required by the Convair Met- 
ropolitan aircraft at present in service 
on this route by 30 min. 

On July 1, Swissair’s second and third 
Caravcllcs will start operations on the 
Middle East route. They will fly three 
times a week from Zurich to Tel Aviv, 
mostly via Geneva. Cairo, Istanbul and 
Ankara will be served twice weekly and 


there will be one flight a week to Beirut, 
Damascus and Teheran. 

Fourth and last Caravelle to go into 
service with Swissair will start opera- 
tions on Aug. 1 5 with a daily flight from 
Gencva-Rome-Gcneva-London. On al- 
ternate days, the flight to Rome will go 
via Milan. The direct flight from 
Genera to Rome will take 1 hr. 25 min. 
instead of 2 hr. 20 min., which is the 
flying time of the Convair Metropol- 
itans serving Rome out of Geneva at 
present. This considerable difference 
in flying time on this route is accounted 
for by the time required for the Con- 
vairs to climb over the Alps cn route to 

CAB Notes F-27 Effect 
On West Coast Subsidy 

Washington— Effect of West Coast 
Airlines’ Fairchild F-27 turboprop oper- 
ations on the company’s subsidy needs 
was raised by the Civil Aeronautics 
Board in an order proposing the grant 
of an additional 55 million in subsidy 
payments to the carrier for past and 
future needs. 

Bulk of the increase in West Coast’s 
temporary mail rates would cover 54. 1 
million for future operations over a onc- 
vear period dating from August of this 
year, with the remainder covering a past 
period from December, 1956, to August. 


Total sum voted by the Board in its 
show cause order is 5400,000 less than 
that originally requested by the airline. 

While agreeing that the carrier's sub- 
sidy needs have been increased by the 
introduction of F-27 service in 1958 and 
recent route awards, CAB noted that 
West Coast’s request for SI. 5 million 
more subsidy for the year ending Aug. 
31, 1959, than that collected in the pre- 
vious vear coincided with the introduc- 
tion of F-27 sen ice. 

Terming the coincidence a "cause of 
great concern.” Board members added 
that “we do not yet have sufficient op- 
erating experience to determine whether 
the new equipment has been phased 
into the carrier’s operations efficiently 
and economically. Pending such deter- 
mination, we reaffirm our previous state- 
ments as to the heavy responsibility of 
management to guard against unduly 
burdening a carrier's subsidy require- 
ments when converting to new equip- 

Additional subsidy asked for past pe- 
riods by the airline was reduced, the 
Board said, as a safeguard against the 
possibility of an overpayment when final 
rates arc established. West Coast's re- 
quest for increased subsidy for the fu- 
ture one-vear period was reduced to 
reflect the airline’s suspension of serv ice 
to Sun Valley-Hailcy-Ketchum, Idaho, 
pending completion of adequate airport 
facilities. 
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Financiers Urge New Local Service Plan 


By Robert H. Cook 

Indianapolis— Adoption of a new class 
mail rate subsidy formula for local sen- 
ice carriers was urged last week by 
financial spokesmen who cited the pro- 
posed Civil Aeronautics Board plan as 
the most promising means of attracting 
new expansion capital for the airlines 
(AW May 25. p. 41). 

Reviewing the carriers’ financial prob- 
lems at a quarterly regional meeting of 
the Assn, of Local Transport Airlines 
here, top bank and investment house 
officials generally characterized the pres- 
ent subsidy payment formula as so 
"foggy” that investors hesitate to be- 
come involved with airlines unable to 
offer some concrete assurance of their 
expected earnings level. 

Edward M. Blair, managing partner 
of William Blair Co., of Chicago, said 
that while the fast growth of the local 
service industry is superior to many 
larger industries and follows a pattern 
sought by investment bankers, the prob- 
lem of placing loans and selling stock 
for the airlines is complicated by their 
poor earnings history and their subjec- 
tion to stringent government regula- 

Growth Rato 

Blair said the local service carriers 
have attained an annual growth rate of 
22% based upon revenue passengers 
carried, as compared with annual cumu- 
lative internal growth rates of 24% for 
International Business Machines Corp. 
and 12 to 15% for Minnesota Mining 
& Mfg. Co. 

He indicated, however, that this sell- 
ing point has been of little aid to the 
carriers, most of which are still operat- 
ing under the present complicated 
and changing temporary man rates 
which are subject to constant revision. 

A number of lenders and stockhold- 
ers, Blair said, feel it wiser to wait until 
the airlines are placed upon definite 
final mail rates containing a predictable 
earnings level. Substitution of the 
CAB’s class mail rate formula, essen- 
tially guaranteeing a definite subsidy 
payment for certain route segments and 
flight frequencies, would have the ef- 
fect of setting a new earnings stability 
for the airlines, thus eliminating a feel- 
ing of "uncertainty” on the part »f the 
lenders, Blair said. 

Supporting this viewpoint, Robert R. 
C. Pape, vice president of the Chase 
Manhattan Bank of New York, told 
ALTA members that it is "about time 
local service airlines should be allowed 
to run their own business.” Stock 
offerings by the carriers this year are 
the lowest since 1953 and are threat- 


ening the availability of both term and 
mortgage lending, he said. Adoption 
of the class rate formula, Pape said, 
would be regarded by banking circles 
as an advance knowledge of a definite 
return on which equity financing could 
be sold to improve carrier debt/equity 
ratios in line with lender desires calling 
for a more balanced ratio than generally 
maintained by the airlines. 

Agreeing with this, Blair also warned 
the airlines that unl&s they are able to 
attain a more balanced debt/equity 
ratio, they may be unable to obtain 
funds for future re-equipment programs 
such as VTOL aircraft. 

Harold R. Harris, president of Avia- 
tion Financial Services, of New York, 
concurred in the need for the class rate 
plan as a means of clearing away the 
“foggy atmosphere” surrounding the 
present mail rate subsidy formula. For 
investment purposes, Harris said the 
carriers would then be able to show 
that any new routes undertaken by 
them would not be operated at a loss. 

In the meantime Harris said local 
sendee airlines unable to attract new 
equity capital may acquire new flight 
equipment through either the Guaran- 
teed Loan Act or the equipment trust 
legislation which has the effect of mak- 
ing loans supported by aircraft collateral 
more attractive to financial sources. 

Aircraft purchased under the latter 
legislation, he said, would be acquired 
under a type of "time payment plan.” 
CAB spokesmen, he added, have indi- 
cated that planes purchased in this way 
will be recognized as an airline invest- 
ment for all subsidy and rate making 
purposes, with the equipment regarded 
as being owned by the carrier from the 
inception of the transaction. 
Long-Term Lease 

As another alternative, Harris sug- 
gested that the airlines should explore 
the feasibility of long-term lease con- 
tracts, with or without options to pur- 
chase. While the CAB has not recog- 
nized straight leases of aircraft as an 
investment for subsidy and rate making 
purposes, Harris said that apparently no 
specific program of this sort has been 
presented to the Board. He urged that 
such action be taken by ALTA on the 


ALTA Survey 

Indianapolis— Assn, of Local Transport 

study of the public services rendered by 
its members. Work will be done bv the 
Planning Research Corp., of Los Angeles, 
and is scheduled for completion in carlv 
I960. 


premise that CAB might approve this 
under a long-range view in many cases 
where neither the government guaran- 
tee nor the equipment trust treatment 
would be practical. 

In actual practice. Harris said the 
equipment trust legislation would keep 
aircraft out of any bankruptcy proceed- 
ing, thus protecting the interest of the 
lender who would have first call on the 
carrier's assets and would thus regain 
his collateral. Most favored application 
of the trust certificates, he said, would 
be their outright sale to the public— a 
process difficult to carry out with the 
airlines because of the local service 
“never-never land” situation under the 
present subsidy system and the hopes 
for a class rate mail subsidy plan, which 
Harris said, might open the way for 
public financing through equipment 
trust certificates. 

Local Service Financing 

Blair and Pape both questioned the 
value of local service financing through 
the method of equipment trust certifi- 
cates. Pape said the banks arc satisfied 
with their customary chattel mortgage 
system of securing loans and would not 
be interested in equipment certificates, 
although insurance companies, which 
will lend beyond a seven-year repayment 
period, might be interested. 

Blair pointed out that while such 
certificates have been held for up to 
25 years for railroad rolling stock, the 
certificates sold usually covered boxcars 
which change little in value. Selling 
such certificates to cover dining cars, 
which may undergo many design 
changes, he pointed out. is far more 
difficult. 

Use of trust certificates by the air- 
lines would be little more than a stop 
gap measure, Blair said, and local serv- 
ice carriers ultimately will have to go 
to insurance companies for their debt 
financing because of airline depreciation 
schedules and reluctance of the banks 
to extend financing terms beyond a 10- 

Selling Stock 

Questions by carrier representatives 
as to whether listing of local service 
stock on the New York Stock Exchange 
would help ease financing problems 
were answered by Blair, who noted that 
many trust companies refused to buy 
any stock not carried by the exchange. 
He cautioned, however, that the carriers 
would do better to remain in the over- 
the-counter market until they have a 
large number of stockholders. Listing 
on the exchange too early, without 
enough stockholders, tends to make the 
stock fluctuate to a point where it is 
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regarded as an "orphan" by investors, 
he said. 

Pape advised another questioner to 
ignore any thoughts of a straight lease 
arrangement on airframes alone on the 
grounds that lenders are not interested 
in "airplanes without engines.” Pape 
said such an arrangement, which is now 
being employed by American Airlines 
in leasing Allison turboprop engines for 
the Lockheed Electra, generally can- 
not be applied to local service carriers 
with limited financial resources. 

ALTA also heard a report from 
Joseph P. Doyle, head of a Senate In- 
terstate and Foreign Commerce Com- 
mittee study group on transportation. 

Doyle, in replying to a number of 
questions from the floor, indicarcd that 
the transportation group may greatly 
expand the scope of its work. Doyle 
told ALTA that there is now no definite 
deadline for completion of the study, 
but that the group will submit an in- 
terim report to the Senate on Jan. 31. 
the original date set for a full report. 
Current problem is that of collecting 
sufficient information, and Doyle asked 
the carriers to submit their problems in 
detail, along with ideas as to how to 
improve the industry and the reasoning 
behind than. 

Citing a need for better coordination 
between all facets of transportation, 
Dovlc said his group hopes to make 
recommendations, which will probably 
require congressional hearings, on the 
need to eliminate duplication and waste 
in the entire transportation industry. 
Some quarters, he said, have expressed 
a fear that excessive government regula- 
tion is leading to nationalization of the 
over-all industry and the study group 
will aim at unifying federal transporta- 
tion regulations in an effort to elimi- 
nate duplication and separate legislative 
from executive duties. 

If any government procedures block- 
ing an orderly transportation program 
are discovered, Doyle said the study 
group will recommend that they be 
"weeded out.” As an example, he said 
that the 17-membcr group will explore 
the need for additional commuter trans- 
portation, the responsibility of federal 
and local agencies and whether federal 
acts are handicapping this segment of 
transportation. 

Subsidy will be a “pertinent part” of 
the study, Dovlc said, with the prob- 
lems of service into smaller cities and 
railroads versus airline facilities getting 
thorough attention. The group does 
not expect to explore carrier complaints 
about Military' Air Transport Service 
transport of commercial traffic, Dovlc 
said, since it is not covered under the 
Senate group's authority, but it will in- 
vestigate proposed "user charges" pro- 
viding for a tax increase on aviation 
fuels. 


Mail Program Stalled by Dispute 


Washington— Plans for an early be- 
ginning of the program to expand the 
movement of first-class mail bv air 
(AW Nov. 16, p. 41) received a set- 
back last week when the Post Office 
Department and airlines failed to agree 
on accepting either temporary or in- 

An attempt to reach an agreement 
that would permit the Post Office to 
begin immediately with the expanded 
program while final rates were being 
determined by a Civil Aeronautics 
Board rate proceeding was made at a 
prehearing conference before CAB hear- 
ing Examiner Ralph Wiser. 

In the absence of a rate agreement, 
it is doubtful that the Post Office 
will offer, or that the airlines will ac- 
cept, any more than the limited amount 
of first-class mail currently being 
moved between a few cities until the 
proceeding is finished and the final rates 
determined. 

A decision probably cannot be 
reached until late next summer. 

Wiser has set Dec. 1 3 as the deadline 
for an exchange of information re- 
quests: Jan. 5 as the date for exchange 
of direct exhibits, and Jan. 15 for ex- 
change of rebuttal exhibits. Hearings 
will begin Jan. 25. 

Biggest stumbling block to an agree- 
ment appears to be the Post Office De- 
partment's firm stand against accepting 
cither a temporary rate subject to a re- 
troactive adjustment or an interim final 
rate for a six-month period which would 
not be subject to retroactive adjust- 

the prehearing conference unanimously 
agreed to accept a temporary rate pend- 
ing the outcome of the proceeding but 
were split over CAB’s alternate pro- 
posal to set a six-month interim final 

The Post Office Department said 
flatly, however, that a temporary rate 
subject to retroactive adjustment is not 
acceptable because of the uncertainty 
as to the final cost of transporting first 
class mail by air during the period the 
final rates arc being determined. The 
department said a decision to airlift 
this type mail cannot be made unless 
actual cost is known in advance of oper- 
ational changes. 

The Post Office Department also 
said that, under a six-month interim 
final rate, it would not plan to make 
use of the airlift on a regular basis. Nor 
would it accept a firm rate for the 
transportation of first class mail by air 
for any period of less than 18 months. 
Airlines did not agree to extend the 
period for that length of time, because 
they said that, in effect, it would set a 


final rate for a period longer than 
it would take to complete the case. 

While a majority of the carriers’ rep- 
resentatives said they would accept a 
six-month interim rate as proposed by 
the CAB in its show cause order (AW 
Oct. 16, p. 38), others voiced strong 
objections to parts of the order. 

Biggest objection to the interim rate 
voiced by carriers was directed at the 
terminal charges which they said should 
be set the same as for handling of air 
mail. If terminal charges were set the 
same as for air mail, some of the object- 
ing airlines indicated they would prob- 
ably accept the line-haul rate of 50% 
discount as final rates for the six-month 
interim period. 

As a result of the stalemate, any ac- 
tion taken by the CAB to establish 
either a temporary or an interim final 
rate pending outcome of the case prob- 
ably would not have much effect in get- 
ting the expanded program under way. 

The Board could issue another show 
cause order prescribing temporary rates 
subject to retroactive adjustment as pre- 
ferred by airlines. However, even in the 
absence of objections, it would not force 
the Post Office Department to make 
greater use of the airlines in the trans- 
put tation of first-class mail. 

Such action could actually result 

rent final rates would be superseded 
by temporary rates that are not ac- 
ceptable to the Post Office. 

There is a .possibility a compromise 
may be worked out, airline representa- 
tives said, if the Post Office will consider 
softening its stand. One proposal sug- 
gested. and one which Post Office rep- 
resentatives agreed had some merit, is 
that the Board issue an order expanding 
the scope of its present order which ini- 
tiated the current experimental program. 
Under :thc proposal, a greater volume 
of mail could be moved to a greater 
number of points at current rates until 
the proceeding is completed and new 
final rates arc established. 


BOAC Plans Slash 
In Cargo Rates 

London— Subject to government ap- 
proval, British Overseas Airways Corp. 
will slash North Atlantic cargo ratcs for 
a wide range of goods bv as much as 
40% in some cases from Apr. 1. 1960. 

For shipments of 99 lb. and more, 
examples of new rates per kilo (2.2 lb.) 
for selected goods will be: 5 shillings 
(70 cents) for foodstuffs, shoes, maga- 
zines. agricultural machinery, comput- 
ing machines; 5 shillings twopence (72 
cents) for clothes and textiles. 
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► Allegheny Airlines reports that its 
traffic figures for the first 10 months 
of 1959 have surpassed those recorded 
during the full year of 1958. Passengers 
carried increased by 19.9% over the 
1958 period to 489,728. Revenue pas- 
senger miles were 20.2% higher than 
those for last year at 83,482,509. 

► The Babb Co., Inc., has sold six 
Douglas DC-6 transports owned by 
Scandinavian Airlines System to Aero- 
naves de Mexico, S. A. The contract 
includes spare parts and pilot and 
ground crew training program, with de- 
liveries scheduled to begin this month. 

► Chicago Helicopter Airways has 
opened its line to handle major over- 
haul of Sikorsky S-58Cs at its Chicago 
maintenance base. First aircraft, with 
3,000 hr. of airline service, is the first 
S-58C in airline service to be overhauled. 

► Eastern Air Lines has filed a tariff 
with the Civil Aeronautics Board to 
reduce fares between Miami and San 
Juan, Puerto Rico, from S45.70 to 
$37.00 each way. The new fare, subject 
to Board approval, would begin on 
Dec. 11. 

► Federal Aviation Agency has extended 
the deadline date for submission of re- 
quests for federal aid for the construc- 
tion of airports for Fiscal 1961 from 
Nov. 30 to Dec. 15, 1959, with an- 
nouncement of the Fiscal 1961 program 
set for the end of February. 

► FAA also plans to test a British FM 
radio altimeter, the STR 30-31 manufac- 
tured by Standard Telephones & 
Cables, this winter for possible applica- 
tion to automatic all-weather landing 
systems. Initial tests will be made to 
determine the altimeter's accuracy at 
the critical altitudes of 200 ft. or less. 

► Northwest Airlines plans to extend its 
Univac automatic reservations system to 
1 1 cities in its system by January. The 
system, now used at Minncapolis/St. 
Paul and Chicago, will be expanded to 
Miami, Tampa/St. Petersburg, Atlanta, 
New York, Detroit, Milwaukee, Spo- 
kane, Portland and Seattle/Tacoma. 

►Military Air Transport Service last 
week reported the issuance of new sen - 
ice orders amounting to $255,427.50 
for the transport of Air Force and Army 
passengers. They arc: Alaska Airlines, 
Inc., $13,311; Hawaiian Airlines, Ltd., 
S24.948; Overseas National Ainvavs, 
Inc., $130,897.50; Slick Ainvavs. Inc., 
$43,380; Transocean Air Lines, $42,891. 


AIRLINE OBSERVER 

► United Air Lines is currently evaluating Sud Aviation’s Caravelle turbojet 
transport for use over medium-range routes. Ten United technicians are at 
Toulouse, where the Caravelle is built, studying the aircraft in relation to 
United's routes. Chances arc strong that United may purchase a fleet of 
the aircraft if satisfactory delivery dates can be assured and certain modifica- 
tions are made by Sud. In addition, United probably will equip the planes— 
if the purchase is madc-with General Electric’s aft turbofan engines rather 
than the Rolls-Royce Avons with which the Caravelle is normally powered. 

► Watch for an early move by Braniff Airways to convert five Convair 440s 
to Allison turboprop power using the 501-D13 engine (AW Oct. 12, p. 37). 

► Price-cut war on South Atlantic routes between South America and 
Europe has forced a special meeting of the International Air Transport 
Assn, beginning today in Paris. With nine airlines now serving the South 
Atlantic route, seat capacity has been inflated far beyond traffic potential, 
depressing load factors drastically below break-even points. To meet the 
challenge, some carriers have dropped fares 40-50% below standard rates. 
Meeting was prompted bv Argentina's complaint against this practice. If 
agreement is reached at the special session, mail voting system within the 
traffic conference will be used to establish new standard fares on the route. 

► Aeroflot, Soviet state-owned airline, reports that Tu-104 jet transports 
arc carrying 48,000 passengers monthly on the Moscow-Leningtad route 
alone. Since start of the commuter-type jet services between Russia's 
two largest cities last April, total air traffic on the route has climbed over 
1 , 000 %. 

► Moves by domestic trunklines to work out an arrangement with the 
Defense Department for the use of seven Air Force and Navy airports for 
the training of pilots on turbojet transports will fail. Defense Department 
has told the carriers that the seven airports requested arc not satisfactory for 
joint use because of high density traffic and proposed five alternate bases 
which could be used for civil training. The alternatives will be rejected by 
the carriers. 

► Iraq will join and support Saudi Arabia and Lebanon in the organization 
of a United Arab Airline, which has been proposed as an international air 
transport company capitalized with an initial $48 million as a commercial 
air arm for members of the Arab League (AW Nov. 9, p. 54). 

► Domestic trunkline traffic volume continued its upward trend in October, 
although the increases fell short of the spectacular jump in revenue passen- 
ger miles recorded in September. In addition, a sharp rise in available seat 
miles during October— due primarily to the steady introduction of more jet 
services— forced the industry’s average load factor down to 59%, the first 
time it has fallen below the 60% level since February. Individually, trunk- 
lines operating jets began to experience gradual declines in jet load factors 
as competition increased. Revenue passenger miles during October reached 
27.1 billion, a 13% increase over the same month of last year. In September, 
revenue passenger miles showed a 19% increase— the largest monthly increase 
since July, 1957. Available seat miles for October were up 15% compared 
with a 9% increase in September. 

► Chances arc strong that airlines now operating from Detroit’s Willow 
Run Airport will decide to transfer to the newer Detroit Metropolitan 
Airport to settle a local conflict here that began when American— later fol- 
lowed by Northwest, Delta and Allegheny— made the switch two years 
ago. Decision will be made later this week. Incoming airlines would face 
the private expense of about $8 million for the construction of hangars 
and $2.5 million for fuel storage facilities. Airlines now contemplating 
transfer arc studying plans proposed by Wayne County for a $15.3 million 
expansion program for Metropolitan. 

► Sabena Belgian World Airlines has taken out a $20 million credit toward 
the purchase of five Boeing 707 turbojet transports with the Export-Import 
Bank and seven U. S. commercial banks. 
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THERE ARE NO IFS, ANDS OR BUTS ABOUT THE CANADAIR 
FORTY FOUR. It is a "here and now” swing-tail cargoplane, at least 
18 months ahead of comparable aircraft still in the "talking stage.” 
The turbo-prop "Forty Four” is in full production for two 
leading American airlines and the military services of Canada. 
It has already been through the development stage and its 
Rolls-Royce Tyne engines have been thoroughly tested and proved. 
With the "Forty Four” in your fleet, you can be 18 months 
ahead of competition and in a most favorable earning position. 


A INI /\ D /\ I R LIMITED, MONTREAL. CANADIAN SUBSIDIARY OF 

ENERAL DYNAMICS CORPORATION 
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THE JET 
HAS YET TO BE 
BUILT THAT 
KOPPERS 
CAN’T QUIET 


KOPPERS PORTABLE RUN-UP SUPPRESSORS 
ARE ADAPTABLE TO ALL JET ENGINES 

Jet engine noise at airports, air bases and at manufac- 
turers’ test facilities is now being reduced 25 to 30 decibels 
economically by the use of Koppers Portable Run-Up 
Suppressors. 

These lightweight, completely portable units are 
lessening the risk of hearing damage as well as improving 
community relations by actually inhibiting the genera- 
tion of jet noise. No direct connection to the aircraft or 
engine is needed with these units and their guaranteed 
rugged durability gives long service life with little or no 
maintenance. Write for complete details and Koppers 
new sound control brochure to: Koppers Company, Inc., 
Sound Control Department, 3509 Scott St., Balto. 3, Md. 



SOUND CONTROL 

Engineered Products Sold with Service 
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Hilton, IATA Members 
Dispute Credit System 

Washington— Credit card battle be- 
tween the airlines and independent 
credit card firms moved to the Civil 
Aeronautics Board as members of the 
International Air Transport Assn, and 
the Hilton Credit Corp. argued the 
relative merits of their credit system. 

Hilton urged the Board to confirm 
an earlier CAB opinion (AW' Oct. 26, 
p. 39) that IATA agreements prohibit- 
ing airline members from using any 
credit cards other than the Universal Air 
Travel Plan should be disapproved. 
Terming IATA a "monopolistic price 
fixing cartel," Hilton said the agreement 
places a financial burden on the public, 
denies carrier members a chance to 
select their own credit plans and 
amounts to a “joint industry boycott” 
of established credit card companies and 
a “naked and flagrant violation” of anti- 
trust laws. 

Defending the agreement, 1 3 IATA 
members replied that selection of the 
UATP plan as the sole credit card for 
members was based upon unanimous 
adoption by the members with the in- 
dividual concurrence of each carrier. 
'Hie airlines contended that a major 
reason for not adopting an agreement 


that would permit use of several types 
of card plans, such as the Hilton Carte 
Blanche, was that agent's fees would be 
assessed the carriers. A uniform plan, 
IATA added, also would avert any pos- 
sible traffic diversion between members 
seeking a competitive advantage through 
an expansion of credit programs. 

Hilton told the Board that much of 
the public cannot afford the "exor- 
bitant” S425 deposit required by the 
Universal Air Travel Plan system, 
which, it said, benefits the larger airlines 
but not the smaller members who need 
the resources of an established credit 
plan to expand their traffic base. CAB 
denial of the IATA agreement would 
free the individual airlines to make their 
choice of a credit card plan. 

The credit company added that, 
while a carrier might object to working 
with anv particular credit corporation, 
it cannot under existing anti-trust legis- 
lation “conspire or agree to boycott” 
to exclude competing plans. 

Replying to the anti-trust charges, 
the airlines noted that one anti-trust 
principle is that “you can't give the big 
boys preferential treatment over the 
little boys.” Card companies with 
"hundreds of thousands” of subscribers 
are "big boys” and could thus "drive a 
hard bargain” with the airlines. IATA 
members told CAB. 


Pointing out that the airlines would 
have to bear much of the cost of any 
"outside" credit plan, the carriers doubt 
that plans such as Carte Blanche could 
generate more air travel. 

"Airlines receive almost daily, from 
outsiders, schemes for running their 
business," the IATA members said, 
“and we view with skepticism proposals 
by those having substantial financial in- 
terests in them.” 

Uniformity of the UATP plan results 
in lower direct carrier costs to imple- 
ment it, IATA said. Available to all 
airlines on the same terms, the plan 
requires a refundable deposit from the 
subscriber but docs not contain extra 
administrative costs stemming from pay- 
ment of agent's fees as required by other 
credit plans, the airlines contended. 

American Shippers Inc. 
Lose Operating Rights 

Washington — Civil Aeronautics 
Board has issued a technical cease 
and desist order against American Ship- 
pers, Inc., following the firm's convic- 
tion bv a civil court which levied a 
$10,500 fine for 15 separate violations 
of sections of the Federal Aviation and 
Uniform Bill of Lading Acts. 

The Board's action was in accord- 
ance with an offer by American Ship- 
pers that CAB compliance attorneys 
forward to the U.S. Attorney for the 
Southern District of New York infor- 
mation on the original CAB charges, 
and, in the event of a conviction and 
judgment against the company, issue a 
cease and desist order in lieu of earlier 
demands for revocation of American 
Shippers' operating authority. List sub- 
mitted bv the compliance attorneys 
covered 62 counts, on which the court 
found the company guiltv of 15 counts 
with a fine of S700 on each. 

Violations against American Shippers 
included charges that the firm: 

• Declared lower rates to direct air 
carriers than the weights recorded in its 
own shipping documents and used as a 
basis for billing its own customers. 

• Misclassificd commodities on direct 
air carriers' air bills by declaring to the 
carriers a different description of the 
commodities involved than that de- 
scribed in its own shipping records and 
used it as a basis for billing its own cus- 
tomers. 

• Offered, charged for and carried out 
assembly and distribution services not 
covered by its tariff provisions. 

• Charged rates different than those 
specified in its tariffs covering pick-up 
and delivery service. 

• Transported shipments at rates based 
on actual rates although higher rates 
were provided for in its tariff. 

• Offered and furnished free teletype 
service not covered in its tariff filings. 



AIRCRAFT 
AND MISSILE 
STAINLESS STEEL 
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for immediate delivery 
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• 310 • 316 • 321 • 347 Plus Carbon Steel Hydraulic 
AMS 5050 E 1000 PSI Hydrostatic Pressure Tested 


A. B MURRAY CO 

TUBING SPECIALISTS • SINCE 1845 


AVIATION WEEK, November 23, 1959 


MOTOROLA MILITARY ELECTRONICS CAPABILITIES REPORT : 


Strategic Deployment of Technical Personnel 



Dr. Daniel E. Noble, Executive Vice President, Motorola, Inc. 


“Dynamic organization... not static. ..is the key to productive 
use of technical talent in the field of military electronics.” 
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iges tell how Motor 





Three field commanders direct day-to-day activities of Motorola’s technical divisions. Wheeler’s Military 
Electronics Division concentrates directly on military problems, drawing on the resources of Reese's Communications 
Division (world's largest producer of two-way communication systems) and Hogan’s Semiconductor Division 
(world's largest producer of power transistors and leader in mesa transistor development and production). 
Behind this technical task force stands Motorola’s strength in consumer electronics ; in an emergency the 
company's total complex of 18 plants in four states can be converted to mass production of military equipment. 





Of Motorola’s 2,000 engineers and scientists, four out of five work under the dir- 
ection of Dr. Daniel E. Noble, Executive Vice President. One of the three divisions 
under his command is devoted exclusively to military electronics; two others provide 
strong support. Working together, they form a y~^ j y |~^ 


TECHNICAL 
TASK FORCE 


Officials of the Air Force Flight Test Center at 
Edwards faced a particularly knotty problem. Special- 
ized microwave equipment was required to relay 
telemetry from aircraft in remote areas. 

At the request of the military, Motorola rapidly 
assembled the talent and equipment of its tri-divisional 
technical task force. Heaviest contributions to the 
project were made by Motorola’s Military Electronics 
Division. But important help came from other sources: 
microwave equipment and vhf receivers from 
Motorola’s Communications Division; specialized 
transistor circuitry from the Semiconductor Products 
Division. 

With this swift concentration of technical talent 
drawn from a diversity of company sources, Motorola 
was able to solve a major problem for the Air Force in 

Few organizations serving the military today can 
so rapidly merge diverse technical talents and produc- 
tive capacities as can Motorola. Its three "task force" 
divisions, under the single command of Dr. Daniel 
Noble, can be marshalled almost overnight for the 
solution of urgent military electronics problems. Cross- 
fertilization of ideas and techniques is the certain result. 

The success of this flexible organizational struc- 
ture was again demonstrated by Motorola's part in the 
development of the Project Mercury Space Capsule. 
The Capsule’s command control receiver, developed 


by Motorola's Military Electronics Division, is the 
smallest all-transistorized radio receiver of its type 
available, thanks to mesa transistors developed by 
the Semiconductor Division and miniaturization 
techniques borrowed from packaging specialists of the 
Communications Division. In another instance, 
Motorola's Semiconductor Division developed the first 
samples of a new type of electronic facsimile paper 
with important military applications. 

In an era marked by a chronic shortage of com- 
petent brain-power. Motorola's strategic deployment 
of its technical resources is an effective answer, both 
in the solution of current problems and in conducting 
long-range research. 

Strategic deployment of manpower is only one 
of the reasons why Motorola is able to design, develop 
and produce military systems and equipment with 
speed, economy and reliability. Motorola's exclusive 
concentration in electronics, its cost-conscious 
approach to producibility. and its preoccupation with 
reliability, are evident in every Motorola military prod- 

For a comprehensive brochure on Motorola's 
Military Electronics capabilities, write; Technical Dam 
Service. Motorola. Inc., Military Electronics Division. 
8201 East McDowell Road, Scottsdale. Arizona. 
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Rocketdyne Studies Pumps, Future Liquid 


By Russell Hawkcs 

Canoga Park. Calif.— Greater sim- 
plicity, rapidly improving turbopumps 
and signs that tetter analytical tech- 
niques may soon reduce the expense of 
cut-and-try development arc leading 
trends in liquid propellant rocketry 
noted at Rocketdyne Division of North 
American Aviation as second generation 
development gathers momentum. 

Eight years after conception of the 
first family of U.S. large rockets, ex- 
perts here arc studying these trends and 
plotting the course of future develop- 
ment. Advances now being sought in- 

• Turbopumps driven by gas tapped 
from the thrust chamber. 

• Satisfactory uncooled nozzle skirts to 
ease handling and eliminate part of fuel 
pressure loss due to use of fuel for 
regenerative cooling. 

• Better thrust vectoring devices, pos- 
sibly including magnctohydrodynamic 
exhaust stream deflection or aerody- 
namic deflection by injecting secondary 
hot gas or liquids at different points in 
supersonic flow. 


• More easily producible propellant 
injectors. 

• More useful storable and high energy 
propellants. 

Importance of these advances is ex- 
pected to be on a par with earlier de- 
velopment of bootstrap turbopumps, 
axial tube-bundle chamber and nozzle 
walls, gimbaling thrust chambers and 
modern propellant injectors. 

Exotic Devices 

Still being evaluated at Rocketdyne 
arc more exotic devices, such as the 
annular spike nozzle. It is an outgrowth 
of the plug nozzle long studied by 
rocket engineers. Supersonic flow from 
the annular chamber, or perhaps a ring 
of small chambers, converges upon the 
tapering spike whose curvature would 
duplicate and improve upon the effect 
of conventional bell-shaped expansion 
skirt. Spike nozzle rockets have been 
fired at Rocketdyne for brief periods. 
As vet unsolved is the problem of heat 
transfer to the thin, sharp point of 
the spike. 

Also under study is the diabatic cham- 
ber, which looks like a conventional 


nozzle with the injector pushed back 
into the middle of the nozzle throat. 
In theory, elimination of the convergent 
part of the nozzle should be beneficial 
with extremely intense combustion such 
as that of hydrogen and fluorine. How- 
ever, research on it has not been very 
productive, so far. 

Other research is being directed to- 
ward design of magnctohydrodynamic 
nozzle throats or aerodynamic ones 
created by injecting gas or liquid into 
a cylindrical chamber near the desired 
location of the throat. One benefit of 
this scheme might be the ability to 
continuously adjust nozzle parameters 
to ideal values as environment changes 
during the course of a flight. 

Certainly no less important than these 
attempts to make long forward steps 
in technology is steady improvement in 
the well-established propulsion systems 
used in Atlas (MA-2 and MA-J), Thor 
(MB-3), Jupiter (S3D) and Saturn (II- 
1). Also included in this list should te 
the big space boosters— E-l , of 400,000 
lb. thrust (AW Nov. 9, p. 31) and 
National Aeronautics and Space Admin- 
istration’s F-l (1.5 million pound 
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ratio, is tested (above) in a Rocketdyne wind 


THRUST chamber 
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Propellants 

thrust) which by NASA specification is 
to use conservative, proven technology. 

Perhaps the most lucrative efforts in 
continuing development of this family 
of rockets have been those directed to- 
ward propellant pump improvement. 
Some factors which turbopump engi- 
neers had to deal with were these: 

• If speeds of rotary pump and gas tur- 
bine power units can te doubled, diame- 
ters can be halved and weights will te 
reduced by an even larger factor. 

■ Pump speeds are limited by danger 
of cavitation which causes sharp drop 
in flow rate, pressure and thrust if too 
much suction is developed at pump 

• Increasing tank pressurization can in- 
crease safe operating speed of the pump 
but also rapidly increases tank weight 
because of increased strength needed. 

• Propellant pressure drop through the 
injector face must be great enough to 
guarantee good combustion stability’ bv 
preventing feedback of chamber pres- 
sure disturbances through the propellant 
lines and pumps. 

• Propellant pressure drop through the 
injector face must be as small as pos- 



EXCESS gases are ignited and piped off at Rocketdyne turbopump field test 
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It 

COUNTDOWN 
at 2 

RESCO jjj^j 

The “Countdown at Pesco” begins in 
laboratories far from the launching pads. It begins 
with teams of resourceful Pesco engineers . . . men of 
vision eminently qualified to meet the technical 
challenges and rigid reliability requirements of the 
aerospace industry. All Pesco products shown at 
right are now critical components of operational air 
weapon systems. These components are the products 
of Pesco 's advanced engineering that anticipates the 
sophisticated requirements of the industry . . . plus 
Pesco’s proven capacity for precision production to 
meet customer delivery schedules. Investigate Pesco 's 
capabilities before you specify on your next project. 

PESCO PRODUCTS DIVISION 

BORG -WARNER CORPORATION 


HYDRAULIC PUMPS 
& PUMP/MOTORS 



SOLID propellant turbine shirt spinner (size 
of luilf-gallon container) is in use on Atlas 
and Saturn (H-l) engines. Device replaces 

siblc to minimize pump size and power 
requirement. 

• Turbines operate most efficiently at 
high temperatures, speeds and pressures, 
but materials are only now becoming 
available which can withstand turbine 
stress levels at temperatures produced 
by an efficient mixture ratio of rocket 
propellants. 

• Use of a cool rich fuel mixture in the 
turbopump system in very large rockets 
Causes a significant weight penalty. 

The problem of linking a limited- 
speed pump to a high-speed turbine led 
Rocketdyne to replace single-shaft, 
direct-drive used in V-2 and Redstone 
with reduction gearing for intermediate 
and intercontinental range ballistic mis- 
sile rockets. It is one of the most highly 
stressed gear trains ever designed. Dur- 
ing the start sequence, the turbopump 
goes from dead stop to 30,000 rpm. 
in one-half second. 

Direct-Drive Pumps 

Rocketdyne now is returning to 
direct-drive turbopumps because of im- 
proved pump designs. Measure of how 
fast a rotary pump can turn safely is 
suction specific speed, which is defined 
as the speed which the pump can attain 
without cavitation. Mk. II pump used 
in early ballistic missiles had a suction 
specific speed of 10,000. Mk. Ill started 
at 1 2.000 and has now been pushed to 
60.000. Pumps still in research phases 
have occasionally been pushed as high 
as 90,000. These improvements have 
been made largely by design of better 
inducers at pump inlet to impart ve- 
locity before propellant reaches impeller. 
Suction specific speed is dependent 
upon propellants being moved since it 
is inversely related to net positive suc- 
tion head (inlet pressure minus vapor 
pressure of the propellant). Therefore, 
if a propellant with lower vapor pres- 
sure is used, it will cut suction specific 
speed of the pump. Company engineers 
say they have demonstrated the ability 
to pump any seriously considered propel- 
lant including liquid hydrogen. 

Rocketdyne pumps have progressed 
from the Nik. I which developed S50 
lip., weighed 300 lb. and pumped 1.300 
gpm.. to the largest current pump aimed 



THE NEW 

KLIXON 

Micro-Miniature Circuit Breaker for 
Aircraft, Radio and Electronic Equipment 


These Micro-Miniature Klixon D7274 




Configurations are available for installation in existing panels that accommo- 
ite the NAF-1357 panel-mounted fuses or larger neck-mounted miniature cir- 
ikers. To give remote indications (light or buzzer), a normally open 


Compare these features . . . 

• Weight 0.9 oz. 

• Extremely simple trip-free design ... no reset possible while button is 
depressed. 

• Maximum operating force — open and reset 5 lbs. 

• Minimum and maximum limits of ultimate trip (25°C) — 115% minimum, 


150% maximum. 

• Overload calibratioi 

• Operating altitude - 
■ Voltage drop maximum — 1.50 volts. 

» High rupture capacity — tests over 4000 ai 

• Ratings — Vi to 5 amperes. 

Send for complete information on this new Klixon Micro-Miniat 


— 200% trip limits 15 seconds maximum. 


s, 120 VAC. 


METALS & CONTROLS |jl 


CORPORATION 

2805 Forest St.. Attleboro, Mass. 
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Many significant achievements will be added to those 
already recorded in the chronicles of military and sci- 
entific space technology. Many important milestones in 
the conquest of space will be passed. None, however, 
will surpass the realization of America's operational 
capability in Intercontinental Ballistic Missiles. The 
threshold of this phase of our national defense was 
passed on September 9, 1959, with the historic launch 
of an Atlas by a Strategic Air Command crew at Van- 
denberg Air Force Base, California. Measured by any 
standard no event could have been more timely... 

Five years ago the free world had no functional bal- 
listic missile rocket engines, no guidance systems, no 
nose cones, no tracking stations, no launching pads, no 
trained missile squadrons. Today all those who have 
contributed to this present state of operational reality 
may take justifiable pride. 


In this effort, Space Technology Laboratories is also 
proud of its privilege in performing the functions of 
systems engineering and technical direction for the Air 
Force Ballistic Missile Division, in close and continuing 
cooperation with the Air Force Ballistic Missiles Cen- 
ter, Strategic Air Command-MIKE, and such major 
associate contractors as: Convair, a Division of Gen- 
eral Dynamics Corp., for airframe, assembly and test; 
General Electric Co., and Burroughs Corporation for 
radio guidance; Arma, a Division of American Bosch 
Arma Corporation, for all-inertial guidance; Rocket- 
dyne Division, North American Aviation, Inc., for pro- 
pulsion; General Electric Co., for re-entry vehicle; and 
Acoustica Associates, for propellant utilization. 

All have worked in concert, with vigor and dedication 
to the objective of providing the nation with this fun- 
damental addition to its defense capability. 


SPACE TECHNOLOGY LABORATORIES, INC. 



I, LOS ANGELES 45. CALIFORI 





CHART DETAILS ATLAS engine performance and weight. 


at a specific application developing well 
over 50,000 lip. and moving almost 
28,000 gal. of propellant fluid per 
minute. It is only twice the size of 
the Mk. I, although its power output 
is greater bv a factor of more than 60. 
This vast increase in pump power is 
required because flow rate must vary 
almost directly with thrust. 

Efficiency Rises 

Turbopump efficiency, the ratio of 
horsepower in the flow to input horse- 
power, has risen from around 60% in 
early rockets to about 85% for pumps 
in current and near-future boosters. En- 
gineers at Rocketdync report that a 
plateau has been reached in turbopump 
efficiency. They believe conventional 
approaches to improved efficiency arc 
about exhausted. 

In the past, upward trend in suction 
specific speed has been so marked that 
it has been good procedure to pressurize 
propellant tanks in new missile designs 
to a higher than desirable level making 
it possible to capitalize on later pump 
improvements. When better pumps 
come along, the missile maker can then 
cut the surplus strength and weight out 
of his tankage. 

A problem now under study is that 
raised by the inadequacy of current 
lubricants in deep space because of 
(lie harsh environment. Rocketdync en- 
gineers are considering use of propel- 
lants as lubricant for turbopumps and 
other rotating machinery, though most 
propellants have significant shortcom- 
ings in this application. Another deep 
space problem is design of high per- 
formance turbopumps which will remain 
absolutely reliable for years without at- 
tention. At least part of the solution 
will be to cut the number of com- 
ponents and beef up stressed parts to 
higher safety factors. Considering the 


size of projected vehicles, weight penalty 
for any beefup will probably be more 
than usually distasteful. 

While turbopump performance is 
one of the most important keys to good 
combustion, the mechanism of combus- 
tion itself is still understood largely in 
qualitative rather than quantitative 
terms. Injector and chamber design con- 
sists of building and testing several con- 
figurations selected by experienced 
engineers on the basis of formulas which 
were successful in the past, plus well 
informed guesses on the influence of 
new factors such as better fuels. Com- 
bustion chambers must be made as short 
as possible to save weight, vet long 
enough to permit complete combustion 
of the propellants. Hotter, quicker com- 
bustion allows the chamber to be short- 
ened. but hot combustion tends to be 
more unstable. If instability is solved, 
minimum chamber length is set by the 
danger of heat transfer into the injector 
face if combustion occurs too far for- 
ward. 

Specific Impulse 

Ilot combustion combined with ex- 
haust gases of low molecular weight 
produce high specific impulse. Rocket- 
dync engineers have learned that best 
propellant mixture ratio is that which 
produces a compromise between com- 
bustion temperature and low molecular 
weight of combustion products. With 
conventional RP-1 narrow-cut kerosene 
and liquid oxygen, the best mixture is 
somewhat fuel-rich. Amount of oxygen 
used is only large enough to consume 
about 70% of the fuel. This sacrifices 
part of the temperature which could 
be attained with stoichiometric mixture 
in order to increase the percentage of 
carbon monoxide and hydrogen in the 
exhaust and decrease the amount of 
heavier carbon dioxide and water molc- 



Yuba is constantly developing 
specialty components for use in 
integrated electronic systems. 
Yuba’s proven capabilities for re- 
search, design, development and 
production assure you of the finest 
in precision equipment. In the field 
of airborne motors and generators, 
for example, Yuba's Dalmotor Di- 
vision has moved ahead. They will 
design and produce to your strict 
specification— with minimum lead 
time. Here are several of the Dal- 
motor Division's carefully pro- 



DALMOTOR DIVISION 

1 375 Clay Street 
Santa Clara, California 
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CRUCIBLE METALS FOR AIRCRAFT AND SPACECRAFT 
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0 . Titanium slabs are heated prior 
to rolling into continuous sheet 
coils. Crucible's increased capacity 
for producing high purity metals, 
in all sizes and mill forms, is sub- 
stantially reducing costs and de- 
livery times. 

b. Vacuum Melted. Alloys are speci- 
fied for gyroscope balls used in 
navigationalandfiredirectionsys- 
tems. The metals' improved prop- 
erties facilitate miniaturization. 

c. Titanium helium storage bottles 
for ICBM Atlas. Titanium, which 
must be vacuum melted, was 
selected because of its high 
strength weight ratio, cold-re- 
sistant properties and corrosion 
resistance. 

d. Basic Melting Processes. Vacuum 
induction melting produces 
"purer" metals than conventional 
air melting because it eliminates 
all sources of contamination ex- 
cept the crucible. Vacuum arc re- 
melting eliminates the crucible 
and permits production of ingots 
up to 18,000 lbs. 
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VACUUM MELTING CREATES SUPER-DUTY METALS 


Marked improvements in properties 
produced by High -Purity Metallurgy 


Behind the development of space-age 
metals with entirely new characteristics 
is vacuum melting — a series of proc- 
esses that produce “purer” metals with 
better properties. 

Why Vacuum Melt ? Vacuum melting 
protects molten metal from contact with 
air. It also provides closer control of 
composition, helps eliminate inclusions, 
and minimizes center porosity and seg- 
regation in ingots 


In the field of vacuum melting, 
Crucible’s position is unique. As the 
leading producer of special purpose 
steels. Crucible’s experience in high- 
quality steelmaking is unsurpassed. 
Through formerly affiliated companies, 
now fully integrated with it, Crucible 
led in the development and commercial 
production of vacuum-melted steels, 
iron, nickel, copper — and titanium. 
Therefore, Crucible’s breadth of ex- 


perience, together with its extensive 
facilities, places the company in the 
best position to provide the “super- 
quality” metals most suitable for any 
given application. 

The three vacuum-melting processes 

— One of the Crucible processes is VIM 

— vacuum induction melting. It starts 
with very high-purity raw materials, 
produces extremely pure ingots. A sec- 
ond is VAR — vacuum arc remelting, or 
the consumable electrode process. This 
process, starting with air-melted elec- 
trodes, produces large ingots — up to 
32" diameter x 18.000 lbs. It provides 


metal with low-gas content and greatly 
improved uniformity of properties. The 
third process is VIR — vacuum arc re- 
melting of vacuum induction melted 
electrodes— a double-melting technique. 
It permits manufacture of super-pure 
metals in the full range of ingot sizes. 

Crucible’s experience with all three 
processes, and its facilities for vacuum 
arc remelting its own specially air- or 


CRUCIBLE 


vacuum-melted electrodes, provides in- 
dustry with a complete range of vacuum- 
melted metals at the lowest possible cost. 
Only at Crucible is there available this 
experience, flexibility and the facilities 
for vacuum-melting titanium, super- 
alloys, heat-resisting alloys, bearing 
steels, tool steels, stainless steels, elec- 
tronic alloys and nuclear reactor ma- 


If you’d like to know more about 
Crucible’s work in High-Purity Metal- 
lurgy, read: “Quality Aspects and 
Properties of Vacuum Induction Melted 
and Vacuum Arc Remelted Steels and 
Super Alloys” and “Titanium for Air- 
craft and Spacecraft”. Write: Crucible 
Steel Company of America, Dept. 
AK-17, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


STEEL COMPANY OF AMERICA 



NEW Airco Automatic Heliweld Head 


Get top quality welds every lime — even on 
irregular contours or in restricted areas — with 
Airco’s new Atilomalic Heliweld Head. With this 
new design, you’re sure of precise arc length con- 
trol over all surfaces . . . accurate, automatic 
welding in all positions... vibration- and wobble- 
free operation all the time. What’s more, you can 
set it to weld aluminum (on AC) or ferrous 
materials (on DC)— at the flick of a switch. Sensi- 
tivity is maintained with argon or helium. 

The new Airco Automatic Heliweld Head is 
right at home on the toughest jobs. Internal cir- 
cumferential seams, for example, are handled 


easily with the 3" or 12" offset arms. Tilting 
mechanism provides accurate, controlled welding 
through 360°. 

Take your choice of two models. Model E takes 
electrodes up to 24". Model D takes electrodes 
to 7", and is provided with rotatable offset arms 
of 3" and 12", greatly increasing your ability to 
weld hard-to-reach spots. 


Get full details oi 
Heliweld Head m 
Reduction Office. 
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Air Reduction Sales Company 


cules. With metal additive fuels, a 
higher percentage of oxidizer might be 

True film cooling of chamber and 
nozzle walls with a layer of fuel has 
been abandoned as uneconomical since 
regenerative cooling techniques have 
been improved. However, it is still 
customary to run the outer injection 
ring slightly more fuel rich than inner 
rings to reduce heat transfer into the 
walls. 

From the combustion engineers’ 
standpoint, problems posed by the big 
boosters arc different in degree rather 
than kind. As the industry strives for 
higher performance, propulsion systems 
become more sensitive to combustion 
instability. Since the gas volume in a 
larger thrust chamber has a lower natural 
frequency, amplitude of waves is greater 
and higher energy levels in them in- 
crease the danger of instability. How- 
ever. instability has reached the status of 
a routine engineering problem and 
Rockctdyne engineers see no reason to 
doubt tlieir ability to cope with it. 
Computer Technology 

Rockctdyne combustion engineers ex- 
pect that improved mathematical tools 
and greater use of computer technology 
will soon eliminate much empirical test- 
ing bv providing more reliable theo- 
retical predictions. This trend is al- 
ready being felt and the research 
specialist is beginning to make real 
contributions in the development phase. 
Combustion experts also report more 
detailed understanding of combustion 
among hardware designers than was 
formerly the case. This is signified by 
the gradual disappearance of such terms 
as “flame front” or “vaporization zone.” 
It is becoming more widely realized 
that if there is such a thing as a flame 
front or vaporization zone, it is wrapped 
around the propellant droplet, whose 
behavior is at the heart of combustion 

Nickel Tubing 

In current thrust chambers. Rocket- 
dvnc has used wall tubes of garden 
variety nickel because of its good ther- 
mal conductivity', corrosion resistance, 
and ease of forming. In advanced sys- 
tems now being designed, this practice 
will be stopped and tubes with a higher 
stvength-to-weight ratio will be used. 
Inconcl-X is the most likely candidate. 
It offers a strength of 100,000 psi., 
compared with 8.000 psi. for nickel. 

Turbine wheels in the big boosters 
will be forged of Rene 41. cobalt-base 
alloy. 

It is reputed to be more weldable 
than competitive materials and at the 
temperatures anticipated, it has about 
the highest strength to weight ratio of 
any material available. For some pur- 
poses Rockctdyne would like to use 



solve Automatic Sequencing Problem! 


When a pilot ejects at high speeds, seat-man separation is delayed two 
seconds to prevent injury and parachute tearing. However, this delay at 
low altitudes, where election is rarely wade at extreme speed, may prevent 
full parachute opening before the pilot hits the ground! 

To reduce this delay and to increase pilot safety at low altitudes, Pacific 
Scientific has developed a Speed Sensor and a Parachute Release Actuator 
for the Air Force that cuts the two second delay to one second — and 
deploys the parachute in less than l/10th second! In addition, these two 
devices permit a three second delay at high speeds — and high altitudes 
— thus providing the correct sequence of automatic seat separation and 
parachute deployment under any condition! 

Both devices are unusually simple, rugged and dependable. And they are 
designed to permit easy installation on existing equipment at little cost! 
This is the type of reliable engineering in- 
genuity Pacific can offer your company . . . 
the capability to resolve perplexing prob- 
lems with practical, simple solutions. 
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The Missile Train— Mobile Sunday Punch 


In the foreground above is the mis- 
sile train— a hit-and-run Sunday 
punch for our modern Army. In 
event of war, the train could fire a 
missile with nuclear warhead, move 
rapidly miles away, then fire other 
missiles ... without becoming a 
vulnerable stationary target itself. 
The missile train would be an ever- 
present threat to the enemy’s tac- 
tical units over a wide area. 


For such imaginative projects as 
the missile train, which combines 
maximum mobility with maximum 
firepower, ARMA has developed an 
equally imaginative universal navi- 
gation system. Not only can ARMA 
systems rapidly locate and aim all 
types of Army missiles, but they 
are applicable to all types of land, 
sea and air operations. To the 
Army, ARMA offers precise vehic- 


ular navigation systems for use in 
artillery and missile survey, com- 
bat vehicles, tanks, and helicopters 
as well as remote control types for 
mine detection and atomic blast 
survey. Precision navigation sys- 
tems are ARMA's business from 
ships to ICBM’s and — beyond. 
ARMA, Garden City, N. Y., a divi- 
sion of American Bosch Arma 
Corp. . . .the future is our business. 


BA¥£BJCA/V BOSCH BBAJB COBBOBBTfO/V 



molybdenum but it is a catalyst which 
initiates decomposition of hydrazine 
and company designs its product for 
easy conversion to storable propellant 

Compatible Coatings 

Coatings that arc compatible with 
storables and high energy fuels are being 
applied to otherwise conventional com- 
ponents to provide the widest range of 
temperature and corrosion resistance. 
Among the coatings being used arc alu- 

flame-sprayed or plasma-sprayed upon 
the exposed surfaces. These coatings 
are hard to use because their lack of 
ductility and usually have different 
thermal expansion coefficients than the 
base metal upon which they are applied. 
Roekctdync has adopted the practice of 
gradually increasing the oxide propor- 
tion in successive layers to improve 
ductility and resist separation of coat- 
ing and base. 

Uncooled nozzle skirt, now being 
sought to reduce demands upon turbo- 
pump or increase pressure drop across 
the injector face, is a challenging mate- 
rials problem. Increasing use is being 
found for aluminum castings with beryl- 
lium additive. Beryllium increases 
ductilitv and pushes vicld strength up 
from 17.000 psi to 52.000 psi. Mate- 
rial is called Tens-50 and much of it is 
used in auxiliary power units. 


Roekctdync researchers have found 
that high energy propellants and stora- 
bles cause fewer problems than origi- 
nally feared. Toxicity of high energy 
propellants now is considered a develop- 
ment problem, rather than one calling 
for a major technological advance. A 
goal of propellant chemists is to cram 
as much hydrogen as possible into fuels 
and as much fluorine as possible into 
oxidizers. Hydrazine and nitrogen tc- 
troxidc, the most popular storable pro- 
pellant combination now coming into 
use, is regarded as only a starting point 
by Roekctdync propellant scientists. 
They expect to leave this combination 
far behind in the future. Use of stor- 
ables complicates turbopump design be- 
cause turbines must operate 500 to 600 
deg. hotter than with conventional pro- 
pellants. 

REAP Program 

Many of the techniques which have 
made possible the present generation 
of large thrust units grew out of a S6 
million Air Force-funded Rocket En- 
gine Advancement Program (REAP) 
which began in 1952 and lasted four 
years with the purpose of advancing 
component state-of-the-art. Some ob- 
servers are convinced that a new REAP 
program would yield rewards compara- 
ble to those obtained in the earlier 
one. Products of that program were: 
• Substitution of gimbaling thrust 


ONE 

SURE 

SOURCE 


for design, 
engineering and 
manufacturing in 
all types of 
metalworking 
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BUT... 


Heating Blankets 

and other Woven Heating Elements by SAFEWAY 
can make you^£^^£j*^roblems OLD problems! 


Be it the frigid altitudes at which manned aircraft 
fly, the cold, trackless space domain of missile and 
satellite, or the icy arctic wastes of DEW Line in- 
stallations — it’s always “winter” somewhere. 
Environmental temperature problems common to this 
kind of “winter” beset fuels and lubricants and 
hamper the operation of many types of sensitive 
equipment 

But SAFEWAY dispels such problems by packaging 
controlled heat for application everywhere. Among 
the wide variety of heating blankets and woven-wire 


heating elements which have been engineered by 
SAFEWAY to meet exacting specifications are: 

0 heating elements for launching equipment and 
for airborne gyros, cameras, computers, servos 
and batteries — for missiles or aircraft 

£ de-icing units for airfoil surfaces 
0 heating elements for all types 

£ defrosting units for industrial 
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Rescue Rocket Sprays Oil on Waves 

Fired from a crossbow-type launcher, this new German rocket is designed for rescue work, and sprays a thin film of oil over a 
90,000 sq. ft., surface to smooth rough waves. Rocket has a range of 900 ft. and carries one quart of oil which is ejected through small 
openings in the nose cone and around its center. A shield on the launcher protects the “archer" from the hot exhaust. Fins on the model 
of the rocket (right) are canted to spin it around its longitudinal axis. Rocket was developed by (West) German Rocket Society and is 
expected to go into mass production next year. 


chambers for thrust vectoring vanes. 

• Development of tubular wall thrust 
chambers to replace double-wall con- 

• Adoption of petroleum fuel such as 
RP-1 as replacement for alcohol. 

• Development of propellant pumps 
able to work at low entry pressures. 

• Development of a bell-shaped nozzle 
to get higher expansion ratios for nozzle 
length than straight expansion cone. 


• Bootstrap turbopump development to 
replace separate nionopropellant system 
used in earlier versions of liquid propel- 
lant rockets. 

One big advance Rocketdvne would 
hope for in a new REAP program is a 
way to produce lighter, cheaper pro- 
pellant injectors easily. Present injec- 
tors are hogged out of heavy steel block 
at considerable expense. Rocketdvne 
has tried cast and sheet metal injectors 


but without any notable success. 

Some of the noteworthy steps taken 
m Rocketdvnc's own simplification 
program are:' 

• Adoption in H-l Saturn engine and 
advanced Atlas propulsion system of 
solid propellant cartridge starters for 
tnrbopumps to supercede heavy, pres- 
surized starting tanks of liquid pro- 
pellant. 

• Tapping of chamber pressure to drive 
the turbopump. thereby eliminating 
separate gas generator and its propel- 
lant lines. 

• Design of turbine exhaust aspirator 
manifold first as a shroud around the 
edge of nozzle skirt. 

• Later design of turbine exhaust 
“dump-back” manifold to feed secon- 
dary hot gas back into main thrust 
chamber efflux through interstices in 
the nozzle skirt wall about one-third 
of the way downstream from nozzle 
throad to the bottom of the nozzle 

• Mounting of turbopump directly upon 
the thrust chamber to eliminate high 
pressure flexible tubing. 

• Abolition of cautious three-phase pre- 
start ignition sequence originally de- 
veloped by the Germans in favor of 
“shot gun” start with immediate opera- 
tion at full thrust. 

• Adoption in Atlas MA-3 propulsion 
system and H-l propulsion system of 
Saturn of fuel pressure sequenced fuel 

Progressive simplification of this first 
family of large American liquid propel- 
lant rockets owes at least as much to 
grinding detail engineering as it docs 
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minimum tensile strength of 60,000 psi at 6.4 density as sintered . . . 
100,000 psi after heat treatment. Less than .004% shrinkage from 


REPUBLIC ENDURO STAINLESS STEELS— types 301 and 302 — ore 
of complete engine nacelles for Navy P2V patrol bombers. Stainless 
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World’s Largest Producer of Missile Metals — Titanium, 


TYPE 4130 ALLOY STEEL 
FINS FOR THE SIDEWINDER 

Close-tolerance, delicately contoured fins for the Sidewinder air- 
to-air missile are currently being produced from Republic Type 
4130 Alloy Steel by the Storms Drop Forging Company, Spring- 
field, Massachusetts. Choice of this high-strength alloy, according 
to Storms, was dictated by extreme performance requirements. 

Republic 4130 offers exceptionally high strength-to-weight 
ratios with the highest strength values. As seen at right, tensile 
strength in the heat-treated condition is over 230,000 psi after 
tempering at 400°F., with a Brinell Hardness of 460. Uniform 
response to heat treatment assures complete deep-hardening 
penetration. 

The Storms Drop Forging Company reports no production 
difficulties involved in the use of Republic 4 1 30. Fins are produced 
from hot-rolled 114“ diameter 4130 bars in successive forging, 
hot trimming, grinding, wet tumbling, and coining operations. 

Republic has pioneered in the development and production of 
new metals to resist heat, reduce weight, or increase strength. 

With constantly expanding research as well as production facili- 
ties and capabilities. Republic stands as the nation's largest 
producer of high-performance metals — titanium, stainless, and 
alloy steels. 

Let us help you find the most advantageous use of these metals in 
your project. Return the coupon for complete information without 
obligation. Please indicate if you would like a Republic Metal- 
lurgical Specialist to call. 




Stainless Steel, and Alloy Steel 


REPUBLIC STEEL CORPORATION 
DEPT. AW-78I7-R 

1441 REPUBLIC BUILDING • CLEVELAND 1, OHIO 

□ Alloy Steel * □ Alloy Steel 

□ HS6460 Metal Powder □ HS6460 Metal Powder 

□ Stainless Steel □ Stainless Steel 

Name Title 


Company- 
Address — 
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MAXIM CUTS 

NAVY JET NOISE 25-30 DB 

Thoroughly field tested by an independent acoustical engi- 
neering firm . . . requiring no water even when afterburners 
are used . . . the Maxim JEM-8 Mobile Exhaust Sound Sup- 
pressor reduces jet exhaust noise by 25 to 30 dbs. 

Built for high temperatures, the JEM -8 is a portable, all- 
metal spoiler type unit with a maximum weight of 10,000 lbs. 
including undercarriage. Engineered for all present types of 
jet aircraft, it is available with adapters for various airframe 
configurations. 

Shown here in use at a naval air station, the JEM-8 will 
shortly be on duty at many other Naval and Marine Corps air 
stations. A commercial jet version, the JEC-8, is available for 
pod hung engines. 

For noise suppression, consult Maxim — for it is here that 
Silence Is A Science. 
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to these major steps in technique im- 
provement. 

In developing 1.5 million lb. thrust 
F-l booster, Rocketdyne reports no im- 
portant obstacle to the sailing of its. 
nan-conventional ballistic missile en- 
gines to space booster size. Perhaps the 
most difficult single problem encoun- 
tered to date is that of obtaining a 
smooth start for a chamber of such 
large dimensions. Experience with F-l 
indicates that development problems 
stem from phenomena which can be 
ignored in small thrust chambers but 
become serious in larger ones. They 
say there is no reason to predict diffi- 
culties of different nature from those 
encountered in the past. 


ABMA Schedules 
Pershing Shots 

Orlando— Initial development firings 
of the Army-Martin Pershing solid-pro- 
pellant ballistic missile are scheduled to 
be made early next spring, according to 
the Army Ballistic Missile Agencv. 

Facilities for firing the missile, in- 
cluding the blockhouse and launch com- 
plex, have been turned over to ABMA 
at Air Force Missile Test Center 
facilities, Cape Canaveral, Fla. The 
two-story concrete blockhouse, which 
forms the apex of a triangle with two 
Pershing launching pads, provides 8,800 
sq. ft. of usable space. The walls are 
two feet thick and steel reinforced, and 
the roof varies from eight to five feet in 
thickness. 

The blockhouse was designed by 
Maurice H. Connell <Xr Associates, Inc., 
Miami, and constructed by R. E. Clark- 
son. Inc., St. Petersburg, under the di- 
rection of the Army Corps of Engineers 
and the Martin Co. 

In addition to the blockhouse and 
two launching pads, the area will con- 
tain a helicopter parking apron, a nose 
installation building and a sendee struc- 

TTie Pershing system will have a 
range of up to 700 mi. and will be 
ground, plane and helicopter transport- 
able. 

Missile Capsule TV 
Will Photo Impact 

Army Ordnance Missile Command 
has developed a reconnaissance televi- 
sion transmitter to be housed in a 
capsule carried in a ballistic missile. 
Capsule would be ejected during flight 
and, while falling to earth, would 
photograph impact of the missile. De- 
vice would transmit its image of the 
target area to television monitoring 
screens at command posts behind the 
line of battle. 



Complex Electro-Mechanical Systems 

with catfuplete pliability! 


If you're having trouble testing complex electro-mechanical systems, it will pay 
you to investigate DIT-MCO's 250F2M Electro-Mechanical Systems Analyzer. It 
is specially designed to control and test integrated devices and their associated 
wiring by simulating controlling assemblies and monitoring their action. 

Each of the Analyzer's 200 test positions can perform up to 36 independent 
switching functions. Its capacity to control complex systems, therefore, is almost 
unlimited. In each test position the 250F2M will: 

1. Actuate all necessary resistive devices and provide termination-to-ter- 
mination tests of each circuit for continuity and discontinuity. 

2. Simulate conditions which allow it to operate and test each resistive 
device in the circuit under test. 

3. Provide for visual measurement of resistive values and time delay con- 
stants where desired. 

4. Provide switching capabilities which enable monitoring of circuit con- 
ditions with external detecting devices. 

These capabilities make it possible to achieve extremely high standards with 
complex relay chassis and similar systems, thus eliminating borderline errors 
which can lead to malfunction under operating conditions. 

The 250F2M uses DIT-MCO's exclusive Matrix Chart to put complete circuit in- 
formation right in front of the operator's eyes. The machine is easy to operate, 
easy to interpret, easy to adapt to any test. Write today for full details. 
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Seven per cent scale model of Project Mercury capsule is positioned (left) in throat of McDonnell Aircraft Corp.'s new wind tunnel 
at St. Louis prior to closing tunnel circuit. At right, model is photographed as it would appear while test is under way. Windows 
flank model. Tunnel, capable of measuring airflow speeds to 4,000 mpli., is part of S5.324.903 polysonic airflow laboratory. 


McDonnell Begins Operating Polysonic Wind Tunnel 



Closed circuit television screen is used by a McDonnell engineer to monitor the polysonic wind tunnel from the control panel (above). 
Another view of the control room is shown below; the control panel and closed circuit television are at right, and data processing 
equipment is in the foreground at left. The new laboratorv contains 36,852 gross square feet of floor area. In addition to the wind 
tunnel the building houses a thermodynamics laboratory for testing equipment and materials at temperatures from — 100F to 1,2001'. 



GLOBAL COMMUNICATIONS— 1815 The Battle of New Orleans 

on January S, 1815 was fought 15 days after the end of the War of 1812. The Treaty of Ghent terminating 

the war between the U. S. and Britain had been signed in Europe on December 24, 1814. Yet before the newt reached America , 

Tbit war was but a facet of the larger global foment stirred up by the ambitions of Napoleon and the French Revolution. 



Now, the United States is leading the free nations in building a bulwark of defense to maintain 
world peace in the face of today's aggressive ambicions. In this age of global commitments our 
defense network requires instantaneous Electronic Communications, within seconds, policy 
makers and commanders must have knowledge of events, must receive and give orders. Two- 
way command and data-link communication, inscantly available, is essential for world-wide 


ECI is proud to be supplying major communications equipment to our armed forces... in 
surface, air-borne and space applications. Systems such as the air-borne communication and data 
units linking the latest USAF all-weather Century Series Interceptors into the Continental 
Defense network are ECI products. 


/ ELE CTRONIC 


( Communications 


St. Petersburg, Florida 


Specialists in advanced electronic communications, countermeasures, and detection systems 
Regional Offices: Washington, D.C., North Hollywood, Calif., Paramus, N.J., Dayton, Ohio, Dallas, Texas 


OPENINGS AVAILABLE lor engineer and scienlists in advanced communications techniques. Contact Director ol Industrial Relations. Electronic Communications. Inc., St Pet. .sl.urg, Florida 
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CANADAIR CL-41 jet trainer is adaptable to four different makes of turbojet engines without structural modifications. Royal Cana- 
dian Air Force advised and coordinated with Canadair on design, which also covers RAF and USAF specifications. 


Turbojet CL-41 Covers Full Training Span 


By Robert I. Stanfield 

Montreal— First design details of 
Canadair's new side-by-side CL-41 jet 
trainer point to a rugged, flexible air- 
plane capable of covering the full span 
of student training— from primary 

through advanced instruction— at speeds 
ranging from 65 kt. (stall) to 500 kt. 
or Mach .8 (limit dive). 

The CL-41 will be the first all-Cana- 
da ir designed aircraft produced by this 
subsidiary of General Dynamics Corp. 
It was designed on a private venture 
basis in which, from its inception, the 
company has benefited by advice from 
the Royal Canadian Air Force. 

Airplane will be powered by the 
436-lb. (guarantee weight) Pratt & 
Whitney prototype JTC12A-2 engine, 
which develops 2,900 lb. of thrust but 
will be "derated” to 2,400 lb. for the 
CL-41. Canadair feels that by reducing 
the power it will present a too-steep 
curve for the student pilot: that at 2.400 
lb. of thrust there will still be a good 
power margin plus availability of en- 
gine's full thrust and growth potential. 
JT-12 production engines, available next 
year, will develop 3.000 lb. of thrust, 
which is expected to increase to 3.300 
lb. by December. 1961. 


Canadair also says the reduction to 
2,400 lb. wall increase the margin be- 
tween cruise and critical speed, increase 
the time interval between cruise and 
critical speed, increase the engine's ini- 
tial overhaul period to about 900 hr. 
(Pratt & Whitney specifics an initial 
600-hr. overhaul life for the (TC12A-2), 
and reduce the specific fuel flow. 

The company will accomplish the 
power reduction by controlling the fuel 
flow, via throttle positioning on the 
engine itself. By adjusting the throttle 
linkage the engine will be delivering 
94% power when the tachometer reads 
100% in the cockpit. 

Thrust Rating 

At 2,400 lb. thrust— which is both 
military (takeoff) and maximum con- 
tinuous (normal) rating— specific fuel 
consumption is .840 lb./lir. lb. thrust. 
At 90% normal rating (maximum 
cruise) and 75% normal rating (normal 
cruise) the specific fuel consumption 
is .820 and .815 lb./lir. lb. thrust, re- 
spectively. 

'ITic CI.-41 also is adaptable— without 
any structural modifications— for the 
following engines: the Armstrong Siddc- 
ley Viper ASV.l 1 of 2,460 lb. thrust, 
the General Electric J85 of about 2,500 


lb. thrust, and the Rolls-Rovcc RB.145 
of 2,750 lb. thrust. 

Tailored to runwavs of less than 
5,000-ft. length, the CL-41 in size and 
weight is comparable to the old piston- 
engine AT-6 advanced trainer. Span of 
the jet trainer is 36 ft. 4 in.; length is 
32 ft.; over-all height is 9 ft. 4.5 in. 
Design and landing gross weight is 
6.500 lb. But here the comparisons end. 

Kev performance and design features 
of the CL-41 include: 

• Takeoff-landing capabilities. Takeoff 
distance, over 50 ft., sea level, is speci- 
fied as 1,830 ft. Landing distance from 
50 ft., sea level, at half-fuel weight 
(5,700 lb.) is 1,920 ft. Canadair says 
the CL-41 will reach (following take- 
off) 600 ft. by the time it passes the 
end of a 5,000 ft. runway, thus acceler- 
ating takeoff traffic at training bases. 

• Climb-speed-range. Trainer has a 
climb rate specified as 4,100 fpm. at sea 
level, 2.000 fpm. at 20.000 ft.. 1.400 
fpm. at 30,000 ft. Time to climb to 
15,000 ft. is stated as 5 min.: to 30,000 
ft.. 11.7 min. Service ceiling is 44.500 
ft. Range on internal fuel (plus 10% 
reserve) is 800 naut. mi.; with under- 
wing tanks. 1,050 naut. mi. Maximum 
level speed at 30,000 ft. is 412 kt. TAS 
(true air speed). Typical training mis- 
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sion endurance is about 2 hr. 28 min. 

• Flight consistency. Internal fuel (270 
gal.) is concentrated in the CL-41 fuse- 
lage, in five interconnecting bladdcr- 
tvpe cells. No cockpit fuel management 
is necessary. Fuel, located over the 
center of gravity, means little trimming 
is required for aerobatics. Dry wings 
also afford consistent spin character- 
istics. Speed brakes (5.4 sq. ft.), ex- 
tending from aft sides of fuselage, ne- 
gate against exceeding limit dive speed. 
Ultimate maneuvering load factor is 
11 g. Gear and flap retraction speeds 
(175 kt.) are nearly three times the 
stall speed. Flap extension speed is 
145 kt. 

• Protective areas. Two underfloor lon- 
gitudinal skid beams, designed for a 
vertical load of 8g, run from the nose 
section aft to the center of the fuselage 
section. The fuel area is designed for 
an ultimate load factor of 24g. All 
heavy equipment structure (engine, bat- 
tery, radios, etc.) is designed for 16g. 
To prevent anything from behind com- 
ing in. the cockpit area is designed for 
52g. Most major lines (controls, wir- 
ing, etc.) run through the unpressurized, 
protected tunnel formed by the two 
skid beams. Laminated windshield is 
designed to withstand the impact of 
a 2-lb. bird at 200 kt. EAS. 

• Cockpit and pressurization. Roomy 
cockpit is 55 in. wide, sill-to-sill (ex- 
plaining capability of installing fuel in 
fuselage, plus any of four engines). 
Airplane is designed for ground-level 
ejection seats; the prototype uses Weber 
seats (the same as installed in USAF's 
Cessna T-37 trainer). Pressurization, at 
3 psi., commences at 8,000 ft. altitude. 
Cabin altitude at 20,000 ft. would be 

12.000 ft.: at 38,000 ft. it would be 

20.000 ft. Cabin altitude at 44,500 ft. 
would be 25,000 ft. 

• Maintenance ease. About 90% of the 


AVIATION WEEK, 


23, 1959 



aircraft is accessible without ladders. 
Hinged doors at waist-level provide ac- 
cess to the radio-avionic bay in the nose 
section. Hinged doors in the unpres- 
surized tunnel along fuselage underside 
allow access to controls and wiring runs 
and hydraulic piping. "Wet” runs go 
down the left side of the aircraft, “dry” 
runs down right side, allowing work on 
both sides without interference. Doors 
on the fuselage underside aft of the 
rear spar provide access to the engine. 
The rear fuselage section can be quickly 
removed for major inspections and 
engine changes. Seats can be removed 
with canopy raised about 1 10 deg. Total 
access panels number 45. 

Two Prototypes 

Canadair has built two prototypes. 
The first of these, now undergoing 
ground runs, will make its initial flight 
under civil license on or about Dec. 1 5. 
Engines for these aircraft will be loaned 
by the Canadian Pratt & Whitney Divi- 
sion of United Aircraft Corp., which 
participated in the design of the JT12 
at the U.S. Pratt & Whitney facilities 
at East Hartford, Conn., where the en- 
gine is produced. The second engine 
is scheduled for delivery to Canadair 
sometime this month. 

Most immediate customer possibility 
for the CL-41 is the RCAF, which ad- 
vised and coordinated with Canadair on 
the design of the trainer. The design 
also covers USAF and RAF' military 
specifications. While Canadair is not 
overlooking a commercial adaptation of 
the CL-41, its initial concern is pro- 
curement of military orders. 

Since the trainer was developed on a 
private venture basis, Canadair controls 
the rights to license it around the 
world. 

The company is in the position 
—under current planning— to effect for- 
eign deliveries by the end of 1961, and 


is equipped to produce 10 to 15 aircraft 
per month. 

Basic airplane flyaway price would 
approximate 5160,000, inclusive of 
basic instrumentation and radio-naviga- 
tion equipment, but less engine. Includ- 
ing the powcrplant, cost could approxi- 
mate S195.000-S200.000. Price would 
vary with engine tvpc and systems 
mated with a particular engine. Cana- 
dair can make available two models for 
price competition— the "dc luxe" CL- 
41 A and, using the second prototype, 
an “economy version” CL-41B. 

The former, which will be powered 


by the JTC12A-2, will be completely 
equipped, including nose-wheel steer- 
ing. student's blind-flving panel, air- 
speed indicator and Machmeter, engine 
air intake screens, complete radio-navi- 
gation equipment, etc. The "B" ver- 
sion, powered, for instance, by the Viper 
ASV.ll. would not include these items 
except that the airspeed and Mach 
number would be combined in a single 
instrument (Smith’s) and radio-naviga- 
tion equipment would be minimized. 
Accessories would be at the option of 
the purchaser. 

Fuselage of the CL-41 is all metal. 



STORAGE space for personal equipment is provided near wing roots (left). View at right shows layout of radio and avionics gear in the 
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BENDIX RED BANK ANNOUNCES NEW FACILITIES for research, develop- 
ment and production in Safing, Arming, and Fuzing Systems and Components. As systems increase in 
complexity the need for higher precision in safing, arming, and fuzing grows. To meet this need, Bendix 
Red Bank Division has created a new department exclusively devoted to design, engineering, and pro- 
duction techniques for these vital systems. ■ This “Special Products Department” is staffed by engineers 
selected for special abilities in this field. Environmental test equipment and precision tooling enable 
swift, accurate transition from design to product. Fresh approaches to design and production problems are 
encouraged by environment conducive to creative thinking. Performance-proved production resources 
back up new ideas. ■ Since 1941, Bendix Red Bank has grown from a maker of simple electrical devices 
to a producer of complex electrical and electronic systems. This is added assurance that here your most 
complex safing, arming, and fuzing problems will receive knowledgeable attention from fundamental 
analysis through final production. 

SPECIAL PRODUCTS DEPARTMENT 
DIVISION 

EATONTOWN, NEW JERSEY 




SPEED BRAKE closeup is at top. Debris 
guard for engine intake duct (below) is in 
partially open position. Screen is closed on 



semi-monocoque. and is constructed 
from aluminum alloy formed frames, 
bulkheads and skins, with longitudinal 
beams underneath and four extruded 
longerons. Rear section, with empen- 
nage, is detachable. Wing loads are 
distributed into the fuselage at front, 
main and rear spar wing attachment 
bulkheads. Vertical fin loads are trans- 
mitted bv integrating the fin spars into 
the fuselage structure. Bracing struc- 
ture at engine trunnion positions car- 
ries thrust, inertia loads from engine. 
Canopy Structure 

Canopy structure is of extruded and 
formed framed sections and two formed 
acrylic panels, hinged at the aft end. 
Pressure seals are attached to boundary 
frames. Canopy is held in closed posi- 
tion by three hooks in each sill and is 
further supported by a ledge at the 
windshield hoop frame. Minimum 
downward vision over the nose, in static 
ground position, is 11.5 deg. Canopy, 
jettisonable from either seat, is nor- 
mally opened and closed by an elec- 
trical actuator; a mechanical standby 
system is manually operated. 

Nose section contains electronic and 
oxygen equipment. Access doors open- 
ing on both sides of the nose section 
top also give access to stowed elec- 
trical equipment and the battery'. 

Wing is of a single main spar and 
stressed skin design supplemented by- 
two auxiliary spars providing attach- 
ment for leading and trailing edge 
assemblies. The three spars and skin 
panels form a two cell box primary 


□ Emergency Feathering 
Torque Motor: 92 inch pounds 
torque, weighs 7.2 lbs., contin- 
uous duty. 400 cycle AC. 

HI Auxiliary Motor: 2.25 HP, 
weighs 3.9 lbs., intermittent 
duty, 28 volt DC. 

□ General Purpose: 0.14 HP, 
weighs 15 oz., continuous duty, 
400 cycles AC. 

PI Helicopter Prime Mover: 
240 HP, weighs 188 lbs., con- 
tinuous duty, 400 cycle AC. 


electric motors 



smaller package, more power per ounce 


Refined analytical techniques are util- 
ized by Task in achieving a maximum ratio 
of output power to weight in both AC and 
DC motors. Whether your problem is high 
or low temperature, altitude, submersion in 
liquids, sealed unit construction, high start- 
ing torque, high rotational speeds, or geared 
drives. . .Task can build you a better motor. 


faster. Write for further details. 



1009 EAST VERMONT AVENUE. ANAHEIM, CALIFORNIA 
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2000 RPM/second at 130% full load... 


This is the performance that the Westinghouse test 
stand installation r.t North American Aviation, Colum- 
bus, gives time after time. 

Other outstanding performance characteristics of this 
dual 100/200 hp test installation are: 

Speed adjustments: from 100 to 11,000 rpm 
Speed deviation: 100% load change— not over 1% 

200% load application— not over 2% 
Recovery time: 200% load application — not over 
two seconds 

Drift: ± 0.25% in eight hours 
For overload testing, 150/300 hp is available for 
five minutes, 200/400 hp for five seconds. 


Outstanding features include: 

Two output gear boxes each provide 100 hp for their 
respective AND pads (dual or single mount). 

Twin -drive systems operate independently, or they 
can be combined for 200 hp delivery from the gear 
box at either end. 

For testing alternators or for complete aircraft/missile 
electrical systems, Westinghouse test stands permit 
accurate simulation and evaluation of voltage regula- 
tion, transient response, overload capacity, paralleling 
operations and shock loading. 



using Westinghouse alternator test stands 

Take advantage of this Westinghouse ability to de- 
sign, develop and install a guaranteed-performance unit 
for your production development programs for fuel 
pumps, alternators and complete electrical systems. 

Contact your Westinghouse sales engineer or write: 

Westinghouse Electric Corporation, P. O. Box 868, 

3 Gateway Center, Pittsburgh 30, Pennsylvania. 

you CAN BE SURE... IF it's 

Westindhouse 

' — * craft alternator being prepared for testing Main motor generator sets 

watch "Westi no house lucille ball-desi AENAz shows" cbs tv EHioAVs and dual test-drive control in background. J-920II7 





AIRCRAFT CORPORA TION 


ADHESIVE ENGINEERING DIVISION, ; 




PROBLEM: 

DESIGN AN ECONOMICALLY SOUND HEAVY- CARGO HELICOPTER 


HILLER. 





structure. Left-hand and right-hand 
boxes are attached to fuselage sides 
by bolts located in the top and bottom 
caps of the main spar and by single 
bolts at the front and rear spars. 

Detachable tip of the 30-m. span is 
fitted outboard of the outer aileron 
hinge rib. Aileron movement is 16 
deg., up and down. Construction of 
the wing is of aluminum alloy formed 
parts, aluminum alloy skins and extru- 
sions. Wing trailing edges are of honey- 
comb construction; main wing panels 
are chemically milled. Lower cap of 
the main spar is constructed from two 
separate extruded angles to preclude 
the possibility of fatigue cracks propa- 
gating across the complete spar cap 
section. 

Wing vertical bending loads are 
carried by the main spar and top and 
bottom skin stringer panels and are 
transmitted to the fuselage by the main 
spar fittings. Vertical shear and torsion 
loads are carried by the torsion boxes 
formed by the spars and skin panels and 
transmitted to the fuselage through 
the main spar fitting. Drag shear 
moment is transmitted to the fuselage 
through the front and rear spar fittings. 

Single-slotted flaps, maximum de- 
flection 10 deg., extend from the in- 
board end of the aileron to the fuselage. 
IHaps are attached to the wing by three 
hinges, and actuated at the central 
hinge. Mechanical interconnection en- 
sures synchronized deflection. 

The tail group consists of a one- 
piece horizontal stabilizer, a hvo-picce 
elevator, vertical fin and rudder. Sta- 
bilizer is of stressed-skin box design 
comprising a forward and aft shear 
web, a center shear web in the inboard 
section, chemically milled skins and 
close spaced ribs. Spar caps consist 
of double light alloy angles, reinforced 
by aluminum alloy straps toward the 
root ends. Stabilizer is attached to the 
top of the fin by a two-bolt fitting 
on the center spar and a single bolt 
fitting at the center of the front spar. 

Initial Canadair design had horizon- 
tal stabilizer and elevators in normal 
position, but wind tunnel tests showed 
the airplane wouldn’t spin. Moving 
the stabilizer midway up the vertical 
fin did produce a spin, but an incon- 
sistent one. The company then 
chopped off the top of the cruciform, 
leaving the horizontal tail high, but 
this reduced directional stability. In 
the final configuration, in which the 
chord of the vertical fin was increased, 
tunnel tests indicated good directional 
stability and good consistent spin char- 
acteristics, Aviation Week was told. 

CL-41 elevator sections arc all-metal, 
with a single spar and full-depth metal 
honeycomb sandwich material aft of 
the spar, reinforced by chordwise ribs 
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near the hinge points. Elevator sec- 
tions are interconnected by a torque 
tube and attached to the stabilizer by 
two hinges on each side. Elevator con- 
trol movement is 25 deg. up, 13 deg. 
down. Balance tab and trim tab both 
move 10 deg. up, 30 deg. down. 

The all-metal fin is of two-spar de- 
sign with chordwise ribs, built in per- 
manently to the rear fuselage. Rear 
spar caps are of multiple construction. 
Leading edge is attached to the fin box 
at the front spar; a portion is detachable 
for access to elevator controls. Two 
hinges provide for rudder attachment. 
Rudder Construction 

Rudder is of aluminum alloy con- 
struction with a single spar, stiffened 
panels and chordwise ribs. Rudder 
movement is 30 deg., left and right. A 
ground-adjustable tab is provided on 
rudder trailing-edge lower section, 
within easy reach of ground personnel. 

Landing gear also is similar to that 


of the Cessna T-37, with nose wheel 
derived from a design of Jarrv Hy- 
draulics, Montreal, for the Avro CF-105 
( a cbmbination nose wheel steering and 
shimmy dampener), but miniaturized. 
Main gear retracts inboard into the 
wing between the main and rear spars. 
Nose wheel retracts forward into the 
fuselage nose section. 

Each main gear consists of an upper 
drag brace and cylinder assembly and 
a lower piston and axle assembly which 
carry vertical and drag loads. Nose gear 
consists of an upper drag brace and 
cylinder assembly; lower piston and fork 
assembly carries vertical and side loads. 
Torque links prevent relative rotation 
of the shock strut barrels except through 
the steering mechanism. The nose 
wheel rotates, with rudder pedal pres- 
sure, up to 45 deg. from neutral, cor- 
responding to a turning circle of 37-ft. 
diameter. 

The airplane is equipped with dual 
controls. Primary flight control systems 


TECHNICIANS install Pratt & Whitncv JTC12A-2 turbojet engine. Plane can also use 
Armstrong Siddeley Viper, General Electric J85 and Rolls-Royce RB.145 engines. 
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... a new structural system Interlocking Min-K insulation and high-temperature reinforced plastic 



—a new structural system that interlocks 
Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 

The result: one product that gives the 
missile designer every advantage of high- 
temperature plastic or metal foil — 
strength, toughness, rigidity! Erosion re- 
sistance! High heat capacity! 

. . . plus the outstanding advantages of 
Min-K insulation— an insulating core that 
has the lowest thermal conductivity avail- 
able for service temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K's thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 

Wide range of facings 

For the hot face, the missile designer can 


specify Min-Klad Intcrlok in a wide 
variety of heat-resistant and/or ablating 
materials— asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments, the cool face can be made of a 
different material— for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 

Like all J-M Aviation insulations. Min- 
Klad Interlok is factory-fabricated to 
your specifications into external skin 
panels, heat shields, cylindrical liners or 
component housings of any shape or size. 
Write today for technical specifications. 
Address Johns-Manville, Box 14, New 
York 16, New York. In Canada, Port 
Credit, Ontario. 


Johns-Manville J/Jl 


are push-pull or torque tube type. Con- 
trol sticks are fitted with USAF BS-A 
type hand grips, incorporating trim and 
nose-wheel steering operating switches. 
Pedals are adjustable, with 7-in. travel. 

The single turbojet engine is installed 
in the fuselage center section, aft of the 
wing main attachment structure. Left 
and right hand engine air intake duct, 
with air entry forward of the wing root 
leading edge, passes into the fuselage 
immediately aft of the cockpit rear pres- 
sure bulkhead and join to form a single 
air intake duct immediately forward of 
the engine. The tailpipe is contained 
within the rear fuselage section. 
Engine Supports 

The engine is supported at the main 
trunnions by a tripod structure attached 
to the main fuselage frames. An auxil 
iaty vertical support is provided near the 
engine intake face. Mounting provides 
for angular and fore and aft adjustment. 
Firewalls isolate engine compressor and 
accessories section from the fuel tank 
compartment and from the hot section 
of the engine. 

Five rubberized fabric "crash resist- 
ant” fuel cells, interconnected to pro- 
vide single tank operation, hold a total 
of 270 gal. of fuel. One cell is installed 
in the fuselage immediately aft of the 
cockpit rear pressure bulkhead: two are 
installed in the fuselage between the 
wing front spar and the main spar 
frames: two are installed, one at each 
side of the fuselage, immediately be- 
hind the wing main spar frame. The 
collector tank sits in the lower section 
of the fuselage between the center cells. 
One "negative g” boost pump ensures 
uninterrupted fuel flow, including in- 
verted flight for a period of not less 
than 1 5 sec. 

Refueling is accomplished from the 
wing walkway without the use of a 
ground stand. Flush type gravity filler 
assembly, with provisions for draining 
off spilled fuel, is provided on the left- 
hand side of the CL-41, about 2 ft. aft 
of the cockpit. The system accepts a 
minimum refueling rate of 60 gal. per 


Flight Instruments 

Flight instruments provided with the 
CL-41A include gyro-magnetic heading 
indicator (with ADF and Tacan point- 
ers); Tacan distance measuring indica- 
tor; altimeter, airspeed, attitude, rate of 
climb, turn and bank indicators; accel- 
erometer, Machmeter and clock. Dual 
instrument includes the heading indi- 
cator, and altimeter, airspeed, attitude, 
rate of climb and turn and bank indi- 

Thc CL-41 uses a closed-circuit con- 
stant pressure hydraulic system with a 
nominal operating pressure of 1,500 
psi. 

The system operates these sub- 




PERFORMANCE charts detail rate of climb (tc 
distances (lower left) and time to climb (lowc 

systems: landing gear and doors, wing 
flaps, speed brakes, intake screens, nosc- 
whecl steering. An independent un- 
boosted system operates the wheel 

The airplane is equipped with a 28- 
v.d.c. and a 115-v. 400-cycle a.c. elec- 
trical system. Primary power system 
comprises a main bus. powered by the 
generator or a ground energizer, a bat- 
tery' bus powered by the battery (24-v., 

56 amp.-hr.), and an emergency bus 
powered either by generator or ground 
energizer normallv and by battery under 
emergency conditions. 

Two 250-watt fixed landing lights 
are installed in transparent portions 
of the wing leading edge. One 1 50-watt 
fixed taxi light is installed in the 
fuselage nose. 'An amber 52-candlc- 
power light sits in the transparent nose 
cone, indicating to a ground observer 
when the landing gear is down and 
locked. External power receptacle is 
installed on the right side of aircraft. 






>p left); landing distances (top right); takeoff 
r right). 


above the trailing edge section of the 
wing. Cockpit seats are adjustable over 
a 5-in. vertical range and are designed 
for back-type parachutes. 

Cockpit air conditioning system is 
supplied by air from the engine com- 
pressor. A turbofan cooling unit is 
positioned in the forward part of the 
first engine zone. 

Cooling System 

Bleed air is cooled by an expan- 
sion turbine and via ambient air drawn 
through a heat exchanger by the fan 
portion of the cooling unit. Cockpit 
temperature is limited to a maximum 
of 200F (93C). Ram air outlets provide 
unpressurized ventilation air in event of 
air-conditioning system malfunction. 

Cockpit is not pressurized from sea 
level to 8,000 ft. Beyond this altitude 
cockpit pressure is maintained until a 
maximum cockpit to ambient differ- 
ential pressure of 5 psi. shall be reached, 
which is maintained to a service ceil- 
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Give your career 
extra propulsion, tool 

DOUGLAS AIRCRAFT COMPANY 

MISSILES AND SPACE SYSTEMS 

has immediate openings 
in the following fields — 
Electrical and Electronics: 

Control System Analysis & Design 
Antenna & Radome Design 
Radar System Analysis and Design 
Instrumentation 
Equipment Installation 
Test Procedures 
Logic Design 
Power System Design 
Mechanical Engineering — 

Analysis and Design ol the following: 
Servo Units 

Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 
Aeronautical Engineering: 

Aerodynamic Design 
Advanced Aerodynamic Study 
Aerodynamic Heating 
Structural Analysis 
Strength Testing 
Dynamic Analysis of Flutter 
and Vibration 
Aeroelasticity 

Design of Complex Structure 
T rajectory Analysis 
Space Mechanics 
Welding 
Metallurgy 

Physics and Mathematics: 

Experimental Thermodynamics 
General Advanced Analysis in 

Computer Application Analysis 
Computer Programming and 
Analysis 

Mathematical Analysis 

For full information 
write to: 

Mr. C. C. LaVene 
Box 620-M 

Douglas Aircraft Company, Inc. 
Santa Monica, Calif. 


Lycoming Installs Coolant Clarifier 

High capacity centrifugal coolant clarifier for use in grinding turbine blades for turbojet 
engines lias been installed at Avco Corp.'s Lycoming Division, Poughkeepsie, N. Y. Clari- 
fier is built by De Laval Separator Co. and is called "Turbomatic.” Major advantage. 


ing of 44,500 ft. Air pressure is con- 
trolled through a pressure regulator 
and limited bv a relief valve in the 
forward pressure bulkhead. 

Pitot-static system is electrically anti- 
iced. Windshield and forward 18 in. 
of the canopy can be dc-mistcd and de- 
frosted internally by air tapped from 
the air conditioning system and con- 
trolled to a temperature of 250F 
(121C). A manually operated switch 
controls supply of anti-icing warm air 
to the engine air intake. 

USAF Studies T-38 
Maintenance Time 

Los Angeles— Study by U. S. Air 
Force has disclosed that the Northrop 
T-38 Talon supersonic trainer will re- 
quire less than 144 hr. of maintenance 
for each flying hour, Northrop Corp.'s 
Norair Division reports. Air Training 
Command is scheduling 14.3 mainte- 
nance hours per flying hour, and the fig- 
ure is expected to diminish further once 
ATC maintenance crews become famil- 
iar with the airplane. 

In view of this study, Northrop ex- 
pects its N-156F fighter, sister ship to 
the Talon, to have maintenance time 
close to the predicted 21.5 hr. 

The maintenance study was based on 
three factors: 


• Experience with the Lockheed T-33 
trainer. 

• Familiarity with twin-engined aircraft 

• Experience in introduction of new 
aircraft in existing squadrons. 

ATC program scheduled 60 flying 
hours per month for each Talon. Com- 
parison between T-38 and T-33 per- 
formance shows that the Talon requires 
approximately 34 hr. more maintenance 
than the single-engined T-33. 

Northrop presently is conducting a 
flight test program at Edwards AFB, 
Calif., with the T-38 and has logged 
about 100 hr. since airplane's first flight. 
The N-156 is undergoing a simultane- 
ous flight test program at Edwards. 

P&W Orders Blade 
Moment Balanees 

Dvnametrics Corp. of Burlington. 
Mass., will design, develop and manu- 
facture four blade moment balances 
tor Pratt & Whitney Division of United 
Aircraft Corp. under a $55,000 con- 
tract. Instruments will be used to 
evaluate jet engine turbine blades. As 
each jet engine turbine blade is in- 
serted into a blade-holding fixture, the 
instrument sets an automatic counter 
corresponding to the measured moment 
and stamps an appropriate code on 
the blade. 
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Space exploration will really come of age when manned rockets can leave 
earth, accomplish their missions and return without disposing of parts of 
themselves en route. This breakthrough depends on the rapid development 
of both nuclear rocket engines and space vehicles capable of using them. 
Douglas is putting forth a major research effort in the area of manned 
nuclear space ships. Every environmental, propulsion, guidance and struc- 
tural problem is being thoroughly explored, Results are so promising that 
even if the nuclear engine breakthrough comes within the next five years, 
Douglas will be ready to produce the vehicles to utilize this tremendous new 
source of space power! Douglas is seeking qualified scientists and engi- 
neers for this and other vital programs. Some of our immediate needs are 
listed in the column on the facing page. 

Elmer Wheaton, Engineering Vice President, Missiles and Space Systems, 
goes over new space objectives that will be made possible by nuclear 
propulsion with Arthur E. Raymond, Senior J4 Q 

Engineering Vice President of l/UU ULHO 
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Unit Converts W aste Rocket Heat to Power 


By Micliacl Yaffec 

Princeton, N. J.— Radio Corp. of 
America and Thiokol Chemical Corp. 
have developed a new thermionic auxili- 
ary power unit which converts the waste 
heat from a rocket exhaust directly into 

Initial units will be designed to fit 
around the flame tube or into the ex- 


pansion cone of large solid propellant 
missiles such as the Eagle, Subroe. Po- 
laris or Minuteman. Purpose of the units 
Will be to provide short bursts of large 
amounts of electricity that can be used 
to power the control fins or moveable 
nozzles as well as the missile's electronic 
equipment. It is estimated that a series 
of the new units placed on just one of 
the nozzles in the Minuteman ICBM 


second stage will have a design potential 
of 30 kilowatts. 

In addition to solid propellant rocket 
engines, the new units, which are called 
thermionic energy converters, can be 
adapted for use on liquid propellant 
rocket engines, ramjets, and on the aft- 
erburner portion of turbojet engines. 

For continuous operation in satellites, 
later units will be designed to operate 
using solar, or more likely, nuclear en- 
ergy in place of short-lived rocket ex- 
hausts. Theoretically, the new units are 
capable of producing more than 1,000 
watts of electrical jjower per square cen- 
timeter with an efficiency of 64%. With 
the present units, RCA scientists be- 
lieve that they will be able to achieve 
a capability of 230 watts/sq. cm. with 
efficiencies approaching 35%. 

RCA and Thiokol engineers say they 
could have a full scale model of the 
thermionic converter ready for flight on 
large solid propellant missiles in two 
years. So far. RCA has built only small 
experimental units to demonstrate their 
feasibility. In this work, which has been 
carried out at the companies’ expense, 
the converters, in the form of hollow 
cylinders, fit over the flame tubes of 
small, end-burning (for longer duration). 
Thiokol test engines. In its own tests 
at its Lancaster laboratory. RCA uses 
an electrical heat source in place of the 
rocket engine. Of the first 10 units, nine 
worked, and the RCA scientists say that 
they have obtained up to 270 watts 
from these laboratory models. 

Next Step 

The next step, as now planned by 
RCA and Thiokol. will be to develop 
thermionic converters that can be built 
into the expansion cones of large solid 
propellant engines. 'Ibis will require 
more money than the initial develop- 
ment, and the companies hope to have 
one of the government's missile or space 
agencies underwrite this phase of the 
work, which is expected to cover a two- 

To date, the two companies have 
made joint proposals to Wright Air De- 
velopment Center. Ballistic Missile Di- 
vision, Space Technology Laboratories, 
Advanced Research Projects Agency, 
Army Ballistic Missile Agency and the 
National Aeronautics and Space Admin- 
istration. Generally, the proposals have 
been received with interest, the com- 
panies report. If a government contract 
does materialize, it will probably not be 

According to the proposal, Muntcr- 
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Bristol Division of Thiokol would be 
the prime contractor and would be re- 
sponsible for program management, ap- 
plication, design integration and nozzle 
fabrication: Electron Tube Division of 
RCA would be subcontractor to Hun- 
tcr-Bristol and would perform ther- 
mionic energy converter studies, design 
and fabrication: Thiokol’s F.lkton Divi- 
sion would also be subcontractor to 
Hunter-Bristol and would provide test 
facilities, engine eases and propellant: 
RCA's David Sarnoff Research Center 
would be subcontractor to the Electron 
Tube Division on a cathode and anode 
materials study: and Battclle Memorial 
Institute, which would also be subcon- 
tractor to RCA’s Electron Tube Divi- 
sion. would carrv out gas permeability 
studies on possible cathode materials. 

Converter Characteristics 

As indicated in the proposal, there 
arc a number of problems that have to 
be solved before the first, large ther- 
mionic energv converter becomes an op- 
erational reality. But the device docs 
possess many characteristics which are 
almost sure to attract the weight, relia- 
bility and cost-conscious missile engi- 
neer. Chief among these arc the fol- 


• simplicity, i lie convener uas no min- 
ing parts. ' Basically, it consists of a 
cathode plate and an anode plate with a 
gas scaled between them and two wires 
to complete the electrical circuit. 

• Lightweight. The laboratory model 
that produced 270 watts of electrical 
power weighed only 3i lb. RCA scien- 
tists believe they will eventually attain 
1 50-175 watts/lb. Not onlv will the de- 
vice replace comparatively heavy chemi- 
cal batteries or other self-powered auxili- 
ary units, but the cathode of the 
converter will become part of the nozzle 
wall and so replace an equal area of 
nozzle material. 

• Waste heat operation. The converter, 
according to RCA and Thiokol engi- 
neers, operates on waste heat and docs 
not draw off useful power from the 
rocket that would go into producing 
thrust. In this way. the device also helps 
to remove some of the heat from the 
nozzle itself. 

• Large power potential. RCA and 
Thiokol consider a power capability' of 
40 watts/sq. in. and a conversion effi- 
ciency of 35% as being “presently 
achievable.” The only limit to power 
generation, they say. is the amount of 
usable surface area available on the 

• Low cost. Thermionic power genera- 
tion is expected to cost less than SI /watt 
compared with an estimated 51.200/ 
watt for solar cells. (For a more realistic 
cost comparison, of course, it would be 
necessary to figure in the solar collectors 
or the nuclear reactors required to 
turn the thermionic converter into a 



DIAGRAM of thermionic converter installed on flame tube of small solid propellant test 
engine shows all main components and how they fit together. 


INSERTS FOR MATERIALS 
AND PERMEABILITY 



THIOKOL and RCA steps in the proposed development program include plans to develop 
designs and materials for converters that can be built right into the expansion cones of 
solid propellant engines (above). Actual test set-up (below), in Thiokol’s Elkton laboratory 
shows thermionic converter in place on flame tube of end-burning solid propellant motor. 
Converter is covered with black argon-filled shroud to reduce high temperature oxidab'on. 
Lines coming off shroud arc argon lines and electrical leads to load bar and to thermocouple 





Space Age Milestone! 


Man's flight into outer space drew nearer on 
September 11, 1959 with the successful re-entry 
of NASA’s "Big Joe” test capsule controlled by 
a Honeywell Stabilization System 

The guidance system for this capsule, launched by an Atlas 
missile, was provided by Honeywell — and it was delivered 
in less than half the time usually required for projects ot 
this scope. 

Rapid delivery was possible because the basic components 
necessary to accomplish this sensitive and exacting task were 
on-the-shelf or in production at Honeywell. However, two 
critical jobs remained to be done. One was the task of design- 
ing a package for these components which would be rugged 
and exact enough to do the job; and the other was that of 
providing the ground support for system check-out and 
pre-launch monitoring. Both of these difficult objectives 
were completed in the time allowed. 

This electronic stabilization and control system is de- 
signed to provide a reference that permits measurement of 
the capsule’s attitude and rate of motion. By operating the 
on-off valves for the reaction control nozzles, it dampens any 
oscillatory tendencies of the capsule and eliminates the 
possibility of tumbling. 

The design and delivery of this system, the first of six 
Such Honeywell systems for NASA Mercury capsule test 
shots, is in keeping with the ac- 
celerated man-in-space program 
and is typical of Honeywell's abil- 
ity to meet both stringent require- 
ments and critical deadlines. 

This readiness for the space age 
stems both from Honeywell’s es- 
tablished policy of supporting the 
national defense and from the 
company’s own historic areas of 
interest. For further information 
concerning Honeywell's capability 
in space age projects, write Min- 
neapolis-Honeywell, Aeronautical 
Division, Dept. 671, 2600 Ridp- 
way Road, Minneapolis 13, Minn. 



Honeywell 
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COMPLETE thermionic energy converter, 
developed by RCA and Thiokol, fits over 
flame tube of solid propellant rocket engine 
and converts waste heat from exhaust di- 
rectly into electricity. 

continuous, long duration electrical gen- 
erator comparable to the solar cells.) 

• Flexibility. Theoretically, the new 
thermionic converter can be used with 
any high temperature source including 
solid propellant rockets, liquid propel- 
lant rockets, ramjets, turbojet after- 
burners, ground or airborne nuclear re- 
actors, and solar energy. The unit also 
could be used in conjunction with Gen- 
eral Electric’s new magnetohydrodv- 
namic power generator to produce the 
large magnetic field required bv the 
latter (AW Nov. 16, p. 133). 

Thermionic converters arc not new, 
but until recently they have been little 
more than laboratory curiosities. Mis- 
siles provide much of the impetus for 
transforming these devices into actual 
pieces of hardware. Until recently, the 
efficiency of thermionic devices in con- 
verting heat into electricity was too 
low to be of much interest. But the 
efficiency goes up almost exponentially 
with temperature, and rocket engines 
provided the high temperatures and ex- 
cess amounts of heats that could make 
these converters practical. Rockets also 
provided the necessity which mothered 
their development. As missiles become 
bigger and faster, it requires more power 
to move their vectoring controls. 

Conventional auxiliary power units 
that could move the nozzles of a large 
solid propellant missile like the Minute- 
man, for example, would probably be 
fairly large and heavy. Too, the large 
metal inclusions in the new solid pro- 
pellants makes the use of turbogenerator 
devices unsatisfactory. Thiokol wanted 
a new source of auxiliary' power that 
would have a better power-to-weight 
ratio than present APU’s, preferably 
something new rather than just an im- 
proved version of existing units. 

In its search, Thiokol came across 
the work that Dr. Karl G. Hernqvist 



MILLENNIUMS 
of DESIGN DEVELOPMENT 

Here's an antenna that’s survived severe en- 
vironmental testing through several thousands 
of years. Design factors, if we can believe 
Darwin, were purely empirical. 

Dome and Margolin has designed hundreds 
of specialized antennas for every major air- 
craft manufacturer in the country. With less 
time at our disposal than the bat, we've had 
to evolve ingenious solutions to antenna de- 
sign problems. We've never failed an assign- 

If you have a problem involving antennas, 
it's more than likely that our background of 
design and production experience can pro- 
vide a speedy, economical solution. 

Write for illustrated catalog. 

^ mm 

W) DORNE & MARGOLIN, Inc. 
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THE Al RESEARCH GULFSTREAM 


COMPLETION PROGRAM 



This extensive completion program at AiResearch 
Aviation Service for Grumman’s new prop-jet corpo- 
rate transport includes: custom business interiors . . . 

soundproofing . . . radar . . . radio . . . autopilot 

instrumentation . . . paint . . . maintenance. 

AiResearch personnel have been factory trained for 
this special program. Expert craftsmen utilize the 
newest materials and processes in building and install- 
ing lightweight, fully stressed furniture, lounges, 
galleys, lavatories and other appointments custom 
designed for the individual Gulfstream purchaser. 

Our acoustical engineers have developed three indi- 
vidual degrees of soundproofing installations for the 
Gulfstream to insure the comfort level you desire. 


And our highly experienced, well-equipped radio and 
electronics departments design and execute the most 
modern installations. 

By using a full-scale mockup of the fuselage section 
we are able to prefabricate components for the 
Gulfstream to expedite delivery time. And AiResearch 
guarantees the completion weight of your aircraft. 

AiResearch has more experience in pressurized air- 
craft than any other modi fi cat 

Write, wire or telephone for complete 
information, including brochure, o 
the AiResearch Complet 
ProgramfortheGrum 
Gulfstream. 


THE 


ORPORATION 

AiResearch Aviation Service Division 



POWER output vs. time is calculated for 

cathodes placed in different positions on 
an expansion cone, the one with the higher 

zle. Chart is actually a cross plot of two 
curves, power output vs. cathode tcin- 

i:i which temperature factor cancels out. 

and his colleagues at RCA had been 
doing on thermionic energy converters. 
Dr. Hcrnqvist had already managed to 
improve the efficiency of the device 
somewhat by using cesium vapor to 
reduce space charge effects in the inter- 
electrode gap. 

Basically, a thermionic energy con- 
verter is a very simple device consisting 
of a cathode and anode separated by a 
vacuum and connected by a cable that 
travels through a load device where the 
electricity is taken off to perform use- 
ful work. Heat applied to the cathode 
frees electrons which travel through the 
vacuum to the anode, out through the 
load device and back to the cathode. 
Negative Charge 

In a vacuum, however, the electrons, 
as they move from cathode to anode, 
build up a collective negative charge 
which repels the new electrons coming 
off the cathode and thereby limits the 
amount of current flow. To reduce this 
effect. RCA injects cesium into the 
inter-electrode vacuum (in a nuclear 
rocket, the natural gamma radiation 
could be used for the same purpose). 
When a cesium atom strikes the hot 
cathode, it loses an electron and be- 
comes a positive ion, combining with 
the inter-electrodc electrons to form, in 
effect, a neutral plasma which has high 
electrical conductivity and no space 
charge effects. 

Some of the cesium also condenses 


on the relatively cold anode and reduces 
its work function, the amount of energy 
required to remove— or by which the 
electrode material holds— an electron. 
This is beneficial, because the greater 
_ the difference between the work func- 
t tions of the cathode and anode, the 
§ more efficient the converter. 

| The thermionic converters developed 
| by RCA and Thiokol are hollow cylin- 
s: ders, 12 in. long and 1.75 in. in diam- 
g etcr. The anode is nickel-plated copper 
S which can be adequately cooled, at least 
” for the short periods of a solid propel- 
§ lant rocket operation, by convection (air 
S cooling) or storage (heat sink). The 
* cathode is molybdenum with a tantalum 
sleeve to improve emission of elec- 
trons. The space between the two 
electrodes is not critical because it is 
filled with cesium but runs about .04 in. 

To date, RCA has actually measured 
conversion efficiencies of onlv up to 
10.4%. This was on an experimental 
thermionic tube which had a tungsten 
ribbon cathode, and the 10.4% was 
achieved at a temperature of 2.91 OK. 
With their present molybdenum-copper 
converter, Thiokol and RCA are get- 
ting efficiencies of approximately 8% at 
2473K. (In a rocket, conversion effi- 
ciency, which takes into account radia- 
tion heat loss from the cathode, is not 
as important as it would be in a ground- 
based power station because of the 
excess heat available from the rocket 
exhaust. More important for missile 
and space applications, says Dr. Hcrn- 
qvist, is the power-to-weight ratio.) 
Cathode Improvement 

At the present time, RCA is working 
on ways to raise this efficiency through 
improvement in cathode and anode 
materials. Theoretical calculations show 
a potential conversion efficiency of 
38.6% for a tungsten cathode operating 
at 3.400K. With a tantalum cathode 
instead of a tungsten one. says Dr. 
Hcrnqvist, it is possible to do even 
better. Theoretically, RCA and Thio- 
kol scientists say cathode materials 
could be developed that would give a 
converter efficiency up to 64% for short 
periods. 

However, at 3,400%. tungsten evapo- 
rates at the rate of 66.6 mm. hr. and 
tantalum, even faster. This presents a 
problem as far as the long duration 
operation that would be required of 
a converter in a satellite but not an 
insurmountable one, according to Dr. 
Hcrnqvist. For one thing, he says, tan- 
talum can perform as well or better than 
tungsten at lower temperatures. 

This is only one of the problems 
that has to be solved. At high tem- 
peratures, tungsten and the other re- 
fractory metals are easily permeated by 
hydrogen which could put the thermi- 
onic converters out of action. This is 
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WHY M-D ROTARY 
POSITIVE BLOWERS 


develop 

higher 

pressures! 

The unique combination of preci- 
sion manufacture and modern de- 
sign found only in M-D rotary pos- 
itive blowers permits higher speed 
operation and higher pressures. For 
this reason M-D can furnish greater 
air flow at lower initial cost. 

M-D blowers operate at wider 
pressure and speed ranges than any 
other rotary positive blower. Ca- 
pacities of 22 production models 
range from 50 to 4,000 CFM, pres- 
sures to 14 PSIG single, 70 PSIG 
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ONE-MINUTE SYNCHRO 
SYSTEM ACCURACY 


Electrical two-speed Autosyn* synchro features— 

■ ACCURACY UNAFFECTED BY THERMAL AND MECHANICAL STRESS 

■ HIGH SIGNAL-TO-NULL RATIO 

■ ELIMINATION OF GEAR ERROR FOUND IN MECHANICAL TWO- 
SPEED SYSTEM 

■ ADAPTABILITY TO GYRO PICKOFF 


Developed to meet need for accu- 
rate data transmission with maxi- 
mum system simplicity. Produces 
two electrical outputs from single 
shaft, thereby eliminating inac- 
curacies of two-speed gear system 
as well as installation and main- 
tenance costs of additional unit. 

The synchro contains two sepa- 
rate sets of windings. One set pro- 


duces the normal signal pattern 
of one cycle of output voltage, 
while the other produces eleven 
cycles, for each rotation of the 
synchro shaft. Increase in accu- 
racy is very close to the 11 -to-l 
theoretical maximum, resulting in 
a system error of ±1 minute when 
used back-to-back with similar 


the problem that Battellc would invest! 
gate under Phase I of the proposed pro- 

In Phase I. Thiokol and RCA pro- 
pose to develop a number of different 
models of thermionic converters that 
can be inserted into and become part 
of the nozzle wall. These configurations 
will be more realistic than the hollow 
sleeve types, because the anode of the 
converter must be cooled; and, says 
Thiokol, the expansion cone is the best 
part of a solid propellant rocket for 
cooling. As now planned, several con- 

expansion cone and probably connected 
in scries to provide the 8-15 hp. out- 
put now desired in large auxiliary power 

Remaining Problems 

Among a number of other problems 
that still must be worked out arc the 
following: 

• Design. The thermionic energy con- 
verters will have to be designed to fit 

• High temperature. Because the cath- 
ode will be exposed to the rocket ex- 
haust, cathode materials will have to be 
developed and fabricated which have, 
in addition to good cmissivity, good 
high temperature resistance in an cro- 

• Ablation. Cathode material!* will have 
to be found that ablate at the same rate 
as the surrounding insulating material 
(generally a reinforced plastic) that lines 
the rocket nozzle. 

• Electrical modification. Thermionic 
energy converters arc essentially low 
voltage, d.c., generators. This is all right 
for simple, rocket vectoring control 
power. But the telemetering and other 
electronic equipment in satellites prob- 
ably will require alternating current as 
well as higher voltages and load imped- 
ances. While this can be done, it is 
almost certain to entail additional 
weight 

• Satellite adaptation. Tor long dura- 
tion satellite operation, new heal 
sources will have to be found for the 
converter. If solar energy is used, col- 
lectors and storage units must be added, 
and the absorption coefficient of the 
cathode must be taken into considera- 
tion. With a nuclear heat source, the 
principal problem is in developing the 
reactor itself. Evaporation of cathode 
materials at the high temperatures in- 
volved becomes even more critical (mak- 
ing the cathode thicker, imposes a 
weight penalty and eventually there 
would be a v olume limit). Some means 
of cooling the anode will have to be 
built into the converter or satellite. 

While many of these problems may 
appear formidable, RCA and Thiokol 
scientists believe that all of them can 
be solved satisfactorily. Those prob- 
lems involved in developing a thermi- 
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onic energy converter that will work in 
the nozzle of a large solid propellant 
rocket (that is, Phase I of their proposed 
development program), they estimate, 
can be worked out in onc-and-a-half 
to two vears. The remaining prob- 
lems and complete program develop- 
ment would require an additional 2-5 
years with maximum effort. 

PRODUCTION BRIEFING 


Lockheed Aircraft Corp.’s Missile and 
Space Division. Sunnvdale. Calif., will 
install a 96 in. diameter spin forge 
machine for the production of missiles 
and space vehicles. The S500.000 ma- 
chine tool, measuring -10 ft. high by 
52 ft. wide, is produced by the Hufford 
Division of the Siegler Corp. 

Servomechanisms, Inc., Hawthorne, 
Calif., will produce additional true air- 
speed computers for the Lockheed 
P2V under S416.280 follow-on con- 
tract. The computer provides the air- 
speed input to the aircraft's navigational 

Aerojet-General Corp., Azusa, Calif., 
will conduct basic research studies of 
electrically exploded wires and films 
under contract from the Army's Office 
of Ordnance Research. The cine-micro- 
scopic studies involve ultra high speed 
photography (1.200,000 frames per 
second) combined with 25-power micro- 

Standard Pressed Steel Co., Jenkin- 
tovvn, Pa., is developing beryllium bolts 
at its exotic metals laboratory. Th’c 
company says that a 125,000 psi. bery l- 
lium bolt would, on a strength-to-weight 
basis, be equivalent to twice the weight 
of high strength steel bolts. Develop- 
ment problems include reducing the 

Goodyear Tire and Rubber Co., Ak- 
ron, Ohio, will supply 500 pillow-type 
fuel storage tanks for the Army under 
SI million contract. The 10,000 gal, 
rubber coated nylon tanks, measuring 
40 x 10 x 4 ft., will be used for fuel 
storage at domestic and foreign bases. 

Ozone Metal Products Corp. has re- 
ceived follow-on contracts for the de- 
sign, test and production of a nose gear 
steering and shimmv damper system for 
the McDonnell F4H-1. Most recent 
contracts bring Ozone's total on this 
project to more than S2 50,000. 

Anachronic Corp., an affiliate of 
Anadite, Inc., has opened a division in 
Tucson, Ariz., which will produce hard 
anodizing for electronic and missile com- 
panies in the Tucson-Phoenix-Ft. 
ITuachuca area. 


Republic Aviation Corp. will supply 
spare parts for F-84F and RF-84F air- 
craft under a $700,000 contract awarded 
bv NATO's Maintenance Supply Scrv- 

Electronic Engineering Co. of Cali- 
fornia will supply three systems of elec- 
tronic data handling equipment to 
National Aeronautics and Space Ad- 
ministration's Wallops Island, Va., sta- 
tion under a $207,000 contract. Systems 
will convert radar azimuth, elevation 
and range data from missile tracking 
radars it into a binary format and record 
it on magnetic tape. One system will 
be used with an FPS-16 radar; the 
others will be used with specially modi- 
fied NASA radars. 

Cook Electric Co. has received a con- 
tract estimated at $600,000 from North 
American Aviation for development, 
testing, tooling and production of 2 
amp. 400 cycle a.c. coil relays for 
North American’s B-70 bomber. 

Siegler Corp.'s Hallamorc Elec- 
tronics Division will manufacture elec- 
tronic checkout systems for the Army 
Sergeant missile under a S700.000 
follow-on contract from Sperry Utah 
Engineering Laboratory, a division of 
Sperry Rand Corp. 

Hamilton Standard Division, United 
Aircraft Corp., will produce fuel con- 
trols for the Canadian Pratt & Whitney 
Aircraft PT-6 free-turbine engine. The 
engine will use Hamilton Standard’s 
JFC-50 control which fits into a space 
5 in. in dia. and 10 in. high. The con- 
trol meters 500 lb. of fuel an hour. 

Turbocraft, Inc., Pasadena, Calif., 
will deliver Model 5000 liquid oxygen 
transfer pumps to the Australian De- 
partment of Supply for use in the 
ground support system of the Blue 
Streak long range ballistic missile at the j 
Woomcra Test Range, Australia. Blue 
Streak is being developed by dc Ilavil- 
land Propellers, Ltd. 

Sites for Nike Hercules installations 
at Vandcnberg AEB. Calif., are under 
consideration. Final determination of 
exact locations will not be made until 
all surveys are completed and approved 1 
by the Army. Sites will be located ap- j 
proximatcly 9 to 12 mi. from area to be | 
defended. Vandcnberg defense will be j 
composed of two Nike Hercules battcr- 


Douglas Aircraft Co. has received a 
S58.8 million Navy contract for follow- 
on production of the A4D-2N Skyhavvk 
light-weight jet attack plane. Previous 
orders for the A4D-2N have totaled ap- 
proximately $175 million. 



CAM COMPENSATOR 


Efficient compensating device for 



The type CP-20-A1 is a simple, en- 
tirely mechanical means of correct- 
ing an output data shaft in relation 
to either servo loop errors, sensing 
errors, or known environmental fac- 
tors affecting the system. Elimi- 
nates need for adjusting remotely 
placed or inaccessible units. Ask 
for full details. 


CLUTCHED SYNCHRO 

Transmits corrective signal, or 
establishes new reference. 



The type CP-4-A1 is an integrated 
unit containing a high-precision 
pygmy Autosyn* synchro and an 
electro-magnetic clutch. Has gen- 
eral systemic application where it is 
desired to transmit a corrective sig- 
nal, or to establish a new reference 
as a result of a temporary condition. 
Removal of electro-magnetic clutch 
excitation instantly re-establishes 
Autosyn, or signal source, at zero. 
Three unit-mounted resistors pro- 
vide for proper^ output voltage as 

output voltage to excitation voltage. 



GYROS • ROTATING COMPONENTS 
RADAR DEVICES 
PACKAGED COMPONENTS 
INSTRUMENTATION 

Eclipse-Pioneer Division 
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TURBINE POWERED! 

52 lb Solar “Titan” gas turbine passes exacting tests in 1-man helicopter 


SOLAR'S LIGHTWEIGHT Titan gas turbine 
engine— smallest ever built for aircraft 
propulsion— saves up to 125 lb in the 
Navy's YRON-1 one-man helicopter. Built 
in both constant-speed and variable-speed 
configurations, the tiny turbine can pro- 
vide rugged power for almost any appli- 


cation where small size, dependability 
and greater power are important. It is 
especially suitable as a power source for 
portable, hand-cranked electric genera- 
tors. Proven-in-serviee Solar gas turbines 
—ranging from 50 to 1100 hp— are creat- 
ing new standards of performance and 


reliability in dozens of military and com 
mcrcial applications. Write for informatioi 
to Dept. G-173, Solar Aircraft Company 
San Diego 12, California. 


SOLAR^ 


ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 
102 
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FAA Expands Radar Beacon Network 

By James A. Fusca 

Atlantic City, N. J.— Federal Aviation 
Agency plans almost complete coverage 
of the United States by ground installa- 
tions for its air traffic control radar 
beacon program within the next 24 
months, and complete coverage by 
1964, according to a report presented 
to the Radio Technical Commission 
for Aeronautics at its annual fall as- 
sembly by L. E. Shoemaker, head of 
the Beacon System Section of FAA's 
Development Division. 

Nine experimental ground facilities 
have been converted to operational 
status through tins month. I hose ATC 
beacon ground installations, sometimes 
referred to as secondary radars, improve 
air traffic control by extending the range 
and altitude coverage of primarv A TC 
radars (AW May 4, p. 126). In con- 
trast with conventional radars which 
receive energy reflected from the air- 
craft, the beacon ground installations 
transmit coded signals which trigger a 
beacon or transponder in the aircraft 
which causes it to reply with a coded 
pulse signal. 

Transponder Use 

As of this fall, the airlines have ap- 
proximately 200 transponders in opera- 
tional use and have placed orders for 
about 250 more. These will be used 
primarily to equip new aircraft. Also, 
provisions are being made for equipping 
about 300 additional new or retrofit 
aircraft. 

This represents a total of about 
one-third of the air carrier fleet. 

Because the IFF (Identification— 

Friend or Foe) equipment of military 
aircraft will respond to interrogation by 
civil ground installations of the ATC 
beacon program, military aircraft oper- 
ating in the Common System for Air 
Traffic Control arc essentially all con- 
sidered to be beacon equipped. 

Three additional development pro- 
grams being fostered by the FAA are: 

• Lightweight, minimum cost trans- 
ponder. This type of unit is required 
for the private pilot and other non-air 
carrier aircraft that are capable of IFR 
flying. 

• Side-lobe and reflection suppression. 

Study and selection of one system 
among the several systems of side-lobe 
and reflection suppression proposed in 
this country and the United Kingdom. 

• Storage tube defmiter. Presently 
operating equipment for the suppres- 
sion of unwanted beacon responses (de- 
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fruiting) requires matched delay lines 
for storage. Tire complexity of this tvpc 
of equipment could be reduced with a 
simple storage tube employing the tube 
phosphor to integrate two or more bea- 
con responses for display. 

There arc at present three versions 
of the radar beacon system operating in 
the air traffic control environment. 
These are the Military Basic Mark 10 
and Mark 1 0-SIF (Secure Identifica- 
tion Feature) IFF equipments, and the 
Civil Air T raffic Control Radar Beacon 
System. Mode 3— the mode is deter- 
mined by the spacing of the interroga- 
tion pulses— of the military systems is 
the same as the civil Mode A. This 
common mode has been designated for 
use by both civil and military aircraft 
operating in the ATC Common Sys- 


Ground Facilities 

Ground facilities that are now opera- 
tional, or will be bv the end of the 
month, include La Guardia, Newark, 
ldlewild, Chicago-O’Hare, and Wash- 
ington Towers, and the ldlewild, Chi- 
cago-Midwav, Washington, and Nor- 
folk Air Route T raffic Control Centers. 

Beacon responses are displayed on in- 
dicators associated with the primary 
radars. For this reason, use of the bea- 
con system is limited by the associated 
radar display to an operational radius 


of 50 mi. from control towers and 200 
mi. from control centers. 

In addition to its own commissioned 
facilities, the FAA has other operating 
facilities which employ Mark 10 IFF 
interrogators on loan from the military. 
The airlines agreed in 1956 to equip 
their aircraft as rapidly as the ground 
interrogation and display facilities were 
implemented. In 1958, the airlines also 
agreed to equip all aircraft operating 
above 24,000 ft. to pennit positive and 
continuous identification and control 
of all aircraft operating above this alti- 
tude layer. 

Under present plans, 64 codes are 
available in the joint civil-military 
mode. Sixty two of these codes are used 
for military purposes and by air traffic 
control. Two codes have been stand- 
ardized for use on a nation-wide basis. 
Code 77 (in the octal-numerical sys- 
tem) is to indicate an aircraft emerg- 
ency. Code 00 is for use in defense 
missions such as Air Defense Command 
fighter scrambles. 

Sufficient equipment is now being 
procured, and scheduled for delivery by 
1961, to equip 54 ground facilities. 
These will have dual channel interro- 
gation, 10 channel decoders, and active 
readout. This means that, after instal- 
lation and commissioning, these facili- 
ties will provide almost complete cover- 
age of the United States. The holes in 


this coverage will be filled by equip- 
ment being procured this fiscal year and 

Because it would be of mutual bene- 
fit if all users of the airspace were 
beacon equipped, and would increase 
the traffic control service that could be 
supplied, the FAA is supporting the 
development of a lightweight, mini- 
mum cost transponder. 

Types of Facilities 

The airspace over the continental 
United States will be under the control 
jurisdiction of three basic types of air 
traffic control facilities: en route, tran- 
sition-terminal, and airport traffic con- 
trol tower facilities. 

En route facilities normally will ex- 
ercise control of the airspace above 
24,000 ft. The lateral boundaries will 
encompass a much larger area than the 
en route control areas of today. Equip- 
ment at these facilities will permit the 
transfer of control data automatically 
from one center to another. Under 
these present concepts, there will be 
positive separation of all aircraft oper- 
ating within the en route areas. They 
will function by correlation of flight 
plan data with aircraft position data. 
Additionally, positive separation will be 
provided below the en route area where 
traffic densities necessitate -this service. 

Transition-terminal facilities will pro- 



Why it pays you to specify 

Bendix QWL Electrical Connectors for use with Multi-conductor Cable 


For use with multi-conductor cable on missile launching, 
und radar, and other equipment, the Bendix* QWL 

^ctrical Connector meets the highest standards of design 

A heavy-duty waterproof power and control connector, the 
QWL Series provides outstanding features: • The strength 
of machined bar stock aluminum with shock resistance and 
pressurization of resilient inserts. • The fast mating and 
disconnecting of a modified double stub thread. • The 
resistance to loosening under vibration provided by special 
tapered cross-section thread design. (Easily hand cleaned 
when contaminated with mud or sand.) • The outstanding 
resistance to corrosion and abrasion of an aluminum surface 
with the case hardening effect of Alumilite 225 anodic 
finish. • The firm anchoring of cable and effective water- 
proofing provided by the cable-compressing gland used 
within the cable accessory. • The watertight connector 
assembly assured by neoprene sealing gaskets. • The addi- 


tional cable locking produced by a cable accessory designed 
to accommodate a Kellems stainless steel wire strain relief 

t rip. • Prevention of inadvertent loosening insured by a 
,'ft-hand accessory thread. • The high current capacity 
and low voltage drop of high-grade copper alloy contacts. 
Contact sizes 16 and 12 are closed entry design. 


These are a few of the reasons it will pay you to specify the 
Bendix QWL electrical connector for the job that requires 
exceptional performance over long periods of time. •™»oem«r« 



Scintilla Division 
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another subsystem from Giannini . . . 

Stall Warning System for Douglas Cargomaster 


A reliable, accurate system to provide advanced crew warning of approaching stall con- 
ditions was required for the Douglas C-133 Cargomaster. 

Giannini met this requirement by designing a Stick Shaker Stall Warning System which 
produces a vibration on the control columns . . . warning the pilot of impending stall condi- 
tions in time to permit corrective action. Giannini components making up the system include 
an angle of attack transmitter, flap positioning transmitters, amplifier and control column 
shaker circuitry. For additional data on the Stall Warning System, send for Giannini Case 
Study No. 104. 




'Giannini j Controls Corporation 918 E. Green Street, Pasadena, California 


Engineering, opportunities now exist at Giannini for work on similar avionic systems. Introduce yourself by writing to the Director of Technical Personnel. 



ENROUTE 


TRANSITION/ j 

TERMINAL j 

' 1 

X 

TRANSITION/ 

TERMINAL 

« »| TOWER | 

1 


AIRSPACE over U.S. will be under the control jurisdiction of three basic air traffic control 
facilities: en route, transition-terminal, and airport traffic control tower. 


vide air traffic control for operations 
below 24,000 ft. Boundaries of these 
areas also will include areas not covered 
by radar surveillance. The FAA visual- 
izes the continuation of tower en 
route control functions for short-haul 

These facilities will he equipped to 
operate compatibly within the national 

Control towers will be responsible for 
traffic control and aircraft surface move- 
ments. The tower also will be respon- 
sible for the area within the immediate 
vicinity of the airport under the visual 
surveillance of the controller. Other 
responsibilities may be delegated to the 
tower by a transition-terminal or en 
route facility. 

Side Lobe Suppression 

One of the future developments an- 
ticipated by the FAA is international 
agreement on one common technique 
for side-lobe and reflection suppression. 
There now exists an International Civil 
Aviation Organization standard two- 
pulse side-lobe suppression system for 
one of the modes not likely to be used 
within the United States in the im- 
mediate future. At the time this stand- 
ard was set up, no agreement could be 
reached between this country and the 
United Kingdom on a suppression tech- 
nique for the common civil-military 
mode to be used here. 

This summer the FAA sent a 
delegation to the United Kingdom to 
discuss the characteristics of the FAA- 
proposed three-pulse suppression tech- 

This proposal was based on exten- 
sive field operation tests in the high 
density New York area, plus data 
gathered from simulation by means of 
a mathematical model. 

The proposed FAA system is a com- 
posite of the better features of several 
previously proposed and tested systems, 
including the Stcwart-Warner. Rome- 
Sctrin, and the ICAO standard two- 
pulse systems. This composite system 
is similar to the Cossor system advo- 
cated by the U.K. at the time the ICAO 
standard was adopted. Agreement now 
awaits study by the British of the FAA 
test results in the New York area plus 
tests of their own. The comments 
of transponder manufacturers, airline 
operators, and the military sen-ices con- 
cerning the FAA approach have been 
solicited. 

When national and international 
agreement is reached, the FAA will 
adopt the resulting system characteristic 
and direct its use bv both civil and 
military users of the common ATC 

The third development in progress 
is the storage-tube type defruiter. By 
retaining the coded response pattern 
of an airborne transponder received 


during one interrogation cycle and com- 
paring it with the response pattern 
received during a second interrogation 
cycle, it is possible to display only the 
replies that are synchronous and reject, 
or filter out, the non-synchronous re- 
turns and noice commonly referred to 
as fruit. 

Existing Equipment 

Existing defruiting equipment uses 
matched delay lines as the method of 
storage. These defruiters arc capable of 
comparing two interrogation cycles 
(single defruiting), or comparing three 
interrogation cycles (double defruiting). 
Tests in the high density New York 
environment indicate that single de- 
fruiting is adequate, and that double 
defruiting at times prevents the dis- 
play of valid responses. 

The delay-line type of defruiter now 
in use requires carefully balanced delay 
lines, matched accurately to the pulse 
repetition frequency and other para- 
meters of the primary radar. 

'Hie storage tube defruiter offers the 
advantage of being universally adapta- 
ble to parameters of any radar, pro- 
vided that the resolution of the storage 
tube is sufficiently high. The FAA is 
investigating a storage tube being de- 
veloped in France which may have 
better resolution capabilities than those 
produced here. 

According to the position of the 
FAA, the primary function of the bea- 
con system is to reinforce the radar 
target in providing positional infor- 
mation. This position information in- 
cludes altitude. Both this country and 
the U. K. are investigating the addi- 
tion of an automatic altitude reporting 


function to the beacon system, 'litis is 
possible by properly coding interroga- 
tions to the airborne transponder which 
would then transmit back altitude in- 
formation from the aircraft's altimeter 
in the form of pulse code. 

The question that is raised immedi- 
ately by including an altitude reporting 
function is that the beacon transponder 
is then being converted into a data link. 
According to Shoemaker, this repre- 
sents one of the possibilities being con- 
sidered. He said that, in the same 
manner, heading, air speed, or other 
aircraft data desired on the ground 
could be relayed in this fashion, llie 
question as to whether such informa- 
tion will be supplied by the beacon 
system or by another system such as 
AGACS (Automatic Air-Ground-Air 
Communications System) is largely an 
operational decision. 

Additional Improvements 

Other planned improvements con- 
templated for the beacon system are: 

• Increasing the number of possible 
reply codes from 64 to in excess of 
4,000. This possibility- is being con- 
sidered and can be made available if 
justified by operational needs. Twenty 
experimental transponders arc being 
developed now with this capability in- 
cluded. 

• Performance monitors for the ground 
interrogation facilities, and improved 
beacon antennas are planned. Beacon 
attachments for the PAR (Precision 
Approach Radar) and ASDR (Airport 
Surface Detection Radar) systems will 
be provided if needed. 

• Multiple channel decoder, capable of 
decoding altitude data as well as identi- 
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Republic F-105—One Plane “Bomber Formation" 
Depends Upon Holley for Fuel Control 



World’s most powerful one man airplane, is reported to carry “as much 
destructive power as an entire big bomber formation of World War II.” Capable of 
carrying an atomic bomb, the exciting Republic “Thunderchief” gets more than 
25,000 pounds of thrust from its Pratt & Whitney Aircraft J75 jet engine with afterburner. 

Holley designed, engineered and manufactures the main fuel control, bleed 
governor and actuator for the J75 engine which has both military and commercial 
applications. The Holley R-95 control combines “small package” design 
with light weight and exceptional performance reliability. It’s another important 
reason why more and more engine and air frame manufacturers 
are turning to Holley for engine components. 




tropospheric scatter communication sys- 
tem varies with receiver and transmitter 
antenna height, measured by National 
Bureau of Standards physicists, now is 
available in an 86-page report entitled 
“An Analysis of Propagation Measure- 
ments Made at 418 me. Well Beyond 
The Radio Horizon.” NBS made con- 
tinuous. simultaneous recordings of sig- 
nal level with receiving antenna heights 
tanging from 30 to 665 ft. Copy of the 
report, identified as PB 151365. may be 
obtained for S2.25 from Office of Tech- 
nical Services, Department of Com- 
merce, Washington 25, D. C. 


► Bids for Satellite Radar— More than 
30 avionics companies have submitted 
bids to NASA for a lightweight weather 
radar to be used in a meteorological 
satellite (AW' Aug. 17, p. 61). Selec- 
tion of winner is expected to take at 
least a month. 

► Promising New Thin Film Materials— 
Materials research at Battelle Memorial 
Institute under Air Force sponsorship 
has disclosed several new compounds 
with promising characteristics for de- 
posited microcircuitry. For example, 
chromium-titanium-nitride can be de- 
posited with resistances of 60 to 800 
ohms per square, depending upon film 
thickness and the nitriding temperature, 
according to Battellc's Edwin II. Layer. 
Chromium-silicon films show greater 
stability than nitrides, with no appreci- 
able resistance change even when cx- 


IGY Satellite Tracked 
By Chance Vouglit 

Dallas, Tex.— Tracking and monitor- 
ing of satellites passing the Hawaiian 
Islands area is being provided by 
Chance Vought Aircraft, Inc.'s Range 
Systems Division. Under an expanded 
Navy contract, the division is tracking 
and recording telemetered data from 
National Aeronautics and Space Ad- 
ministration's heavy IGY composite 
radiation satellite. 

Space vehicle monitoring may be ex- 
panded to include other satellites in the 
future. The NASA satellite is collect- 
ing data on radiation, charged particles 
and micrometeorites. For the past six 
months, the company has been operat- 
ing the Pacific Missile Range’s fleet 
training facility, tracking and collecting 
accuracy data for fleet submarines and 
cruisers launching Regulus I missiles. 
The radar also tracks aircraft flying 
simulated Regulus attack patterns. Mis- 
sions also include Regulus land launches. 


Battelle Produces High-Purity Compound 

Indium antimonidc specimen suspended in the glass column, to be used in low-tcmperatuic 
transistors and infrared detectors, represents the purest crystal ever made of any compound 
(99.999999 plus), according to Battelle Memorial Institute, which produced it under a con- 
tract with USAF's Office of Scientific Research. 


Marconi Radar Installed in New Zealand 


fication, is scheduled for development 
soon. This decoder will be incorpo- 
rated into the automatic processing 
and ground display equipment being 
provided in the future. 

Some of these changes may necessi- 
tate modification of equipment now in 
use both on the ground and in the air. 
Shoemaker stressed, however, that these 
modifications would be made only if 
they provide a sufficient improvement 
in the ATC service to justify them. 
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► Antenna Height vs. Gain— Data which 
describes how strength of a signal re- 
ceived beyond the radio horizon in a 
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NEW AMPLIFIER PACKS 90 DB 
IN HALF CUBIC INCH VOLUME 


New 45S kc three-stage amplifiers developed by the 
U.S. Army Signal Corps utilizing the facilities and 
competence of General Electric produce up to 90 db 
gain with 5 kc bandwidth in one-half cubic inch volume. 
This degree of miniaturization evolved from sustained 
research and development in solid state filters, delay 
lines and transformers at the Electronics Laboratory, 
Electronics Park. 

The unique bar-shaped transformers developed for 
these amplifiers, combined with improvements in exist- 
ing ferro-electric ceramics, permits the most compact 
packaging with extreme gain. This achievement in 
research and development is indicative of General 
Electric’s technical competence in defense electronics. 


T^ogrtss Is Our Most Important Product 

GENERAL® ELECTRIC 




• Consolidated Avionics Corp., West- 
bury, N. Y., 5400,000 award from Rome 
Air Materiel Area for data processing. 


• Kearfott Co., Little Falls, N. Y., two 
letter contracts totaling SI. 2 million 
from Air Materiel Command as initial 
funding for product improvement pro- 
gram on its AJA-1 true heading com- 
puter and N1 directional gyro compass 
system, jointly designated the AN/ 
AjN-8, used on Boeing B-52 and KC- 
135 aircraft. 


► Signed on the Dotted Line— Major 
contract awards recently announced by 
avionics manufacturers include the fol- 
lowing: 


Reliability Emphasized in AN/ARC-58 


AN/ARC-58 high frequency single sideband 
160 hr. mean time between failure, accordin; 
equipment for the Air Force. Factory rcliabil 

utes over 580 d. g | o c ts' I tl 

posed to the air at temperatures of 500F 
for thousands of hours. Films deposited 
with 24% chromium and 76 % silicon 
can provide resistances of 100 to 10,000 
ohms per square, depending upon film 
thickness and temperature of substrate. 
Indium oxide film has a resistivity of 
0.01 to 0.001 ohm-centimeter, permit- 
ting its use as transparent electrodes. 


airborne transceiver has compiled a record of 
g to Collins Radio Co., which developed the 
ity ran shown above takes all production units 

c program to its reliability program. 

duces and assembles connectors and 
other items. 

• Packard Bell Electronics, Los Angeles, 

5250,000 for airborne interrogators for 
use in rescue and refueling missions, 
from Air Materiel Command. Device 
interrogates radar transponder in an- 
other aircraft and displays visually the 


• Radiation, Inc., Melbourne, Fla., 

5476.000 award to develop a tape format 
converter for converting airborne telem- 
etry data from Minuteman intercon- 
tinental ballistic missiles into a form 
suitable for direct entry into ground- 
based computers. Contract is the third 
awarded to the company for the Minute- 
man program. 

• Consolidated Electrodynamics Corp., 
Pasadena, Calif., 5352,800 award from 
Federal Aviation Agency for recording 
oscillographs to be used for flight inspec- 
tion of air navigation aids. 

• Radar data handling equipment for 
National Aeronautics and Space Admin- 
istration’s rocket test station at Wallops 
Island, Va, will be built by Electronic 
Engineering Co. of Calif., under a 

5207.000 contract for three systems to 
convert data from missile tracking 
radars for computer input. 


• Avnet Electronics Corp. reports net 
sales for the first quarter ended Sept. 
30 totaled 52,132,091, compared with 
$1,345,246 for the same 1958 period. 
Net profits after taxes for this year’s 
first quarter were 5255,713, compared 
with $161,002 for the quarter ended 
Sept. 30, 1958. Avnet Electronics pro- 


Miniaturized Cathode Ray Tube Developed 

Miniaturized cathode ray tube assembly, resulting from a combination of powder metal- 
lurgy and modern vacuum tube technology, has been developed by Sylvania Electric Prod- 

II than conventional structures. Assembly is sketched by H. E. Smithgall of Sylvania. 


• Federal Division, International Tele- 
phone & Telegraph Corp., Clifton, 
N. 53.4 million award from the 
Martin Co. for production of guidance 

• Wilcox Electric Co., Kansas City, 58 
million contract from Army for AN/ 
APX-44 radar transponders. 

• Collins Radio Co., Cedar Rapids, 

5231,000 contract for IM-CW dopplcr 
radar systems from Trans-Canada Air 
Lines for installation on its Douglas 
DC-8 jetliners. 
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Airborne Digital Timer Highly Accurate 


By Erwin J. Bulban 

Dallas, Tex.— Precision lightweight 
airborne digital timing system developed 
by Temco Aircraft Corp. for USAF is 
rated as having an accuracy of one part 
in 10', with starting accuracy within two 
milliseconds of setting. System provides 
visual indications in the form of six-digit 
numerical clocks as well as video signals 
for audio and/or graphic recording. 
This signal is in the form of a binary 
decimal code furnishing real time refer- 

Developed by the Temco Overhaul 
and Aerosvstems, Greenville, Tex., the 
system can be started manually by in- 
serting any chosen time or automatically- 
synchronizing the time generating proc- 
ess with transmitted signals. It auto- 
matically corrects for propagation delay 

Further development includes a 
weight reduction program (system now 
weighs 78 lb. with one remote clock and 
one reader control), size reduction pro- 
gram and extension of synchronization 
to include all known standard time 
signals throughout the world. 

It now operates on U. S. time signal 
WWV. 

System works as its own decoder and 
readout device for previously recorded 
binary coded video signals, providing 
real time display in decimal form to the 
nearest second using the remote reader 
control. 

Time referencing can be reduced 
below the one-second level with 0.1, 
1, 10 and 100 millisecond markers. 
Basic Components 

Basic components making up the sys- 
tem include: time encoder reader, re- 
mote clocks, junction box, remote reader 
control and power supply. The time 
encoder reader is of modular construc- 
tion utilizing beam switching tubes and 
transistorized printed circuits. Miniatur- 
ized remote clocks use six numerical 
indicator tubes for presentation of real 

Transistorized power supply uses 
both magnetic and transistor regulators. 
Silicon semiconductor devices and tan- 
talum electrolytic capacitors allow 
operation in ambients of — 55C to 71C 
without forced air cooling. 

System is designed for operational 
simplicity and minimum of operator 
skill. Dial controls are used to put in 
nautical miles from operator’s station 
to an automatic WWV transmission; 
the system converts distance to propa- 
gation delay time so that the signal is 
set to generate real time as soon as it 
receives the transmitted signal. 



MODULAR DESIGN in Temco Aircraft Corp.’s time encoder reader provides fully transis, 
torized printed circuitry, with units easily pulled out for inspection and servicing. USAF 
application to provide real time for data correlation is secret and may remain so for years. 



AIRBORNE digital timing system developed by Temco Aircraft Corp. comprises, left to 
right, remote clock, junction box, power supply, and b'me encoder reader. Entire system 
weighs approximately 78 lb.; further development includes a weight reduction program. 
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CONTINUED LEADERSHIP IN SECONDARY POWER EQUIPMENT 


NORTH AMERICAN B-70 



General 

generating 




MACH 1 MACH 2 


General Electric has been selected to 
supply the advanced-design secondary 
electrical power generating system for 
the North American B-70 Valkyrie, 
the Air Force’s new MACH 3 multi- 
purpose bomber.* Designed for super- 
sonic high-altitude operation with 
inherent long-range flight endurance 
and large load-carrying capability, the 
B-70 can be adapted to offense, de- 
fense, reconnaissance, or special airlift 
missions. 

The new, specially designed G-E 
system consists of an Inductor-Lundell 
generator, controlled-rectifier regula- 
tor, and protective panel. The revolu- 
tionary generator, newly applied to 
aircraft systems, will provide extreme 
system reliability by eliminating nor- 
mally required brushes, slip rings, 
commutators, rotating windings, and 
rotating rectifiers. 

Development of this system for 
MACH 3 aircraft offers a challenge 
never before encountered in manned 
aircraft. New lubricating and insu- 
lating methods and new sturdy, com- 
pact construction are needed to 
stand flight stresses three times the 
speed of sound at altitudes previously 
unreached by operational aircraft. 

Some equipment will be required to 
withstand temperatures of 600 F, vibra- 
tion input of 15 g’s (as much as 60 
g’s locally), and shock of 20 g’s. Ex- 
treme reliability is, of course, a must. 

In developing this equipment. Gen- 
eral Electric is using experience and 
knowledge derived from the material 
and component development phase of 
a separate Air Force High-temperature 
(HOTELEC) Program under sub- 
contract from North American Avia- 
tion. G.E.’s completely equipped 
research and manufacturing facilities 
are ideally suited to develop and pro- 
duce advanced systems like HOTELEC 
and the B-70. And, G-E leadership 
in secondary power equipment extends 
through 40 years and more than 50 
different aircraft. 


Aircraft pictured represent only a few 
of those for which G.E. has developed 
secondary power-generating systems. 


Electric’s new concept in aircraft 
systems is awarded B-70 contract 


Design Concept 

Design innovations in the new G-E 
generating systems will provide out- 
standing results in these areas: 

• Reliability — Key to the increased 
reliability of the G-E system, is the 
revolutionary Inductor-Lundell gen- 
erator. Field windings and rectifiers 
will be located in the stator instead of 
the rotor as in conventional machines. 
Lower component temperatures result 
from shortening heat-transfer paths 
between windings and coolant. 

In addition, all available control 
components — relays, transistors, mag- 
netic amplifiers, controlled rectifiers, 
capacitors, and resistors — were fully 
evaluated as to performance and reli- 
ability. Then exhaustive research — 
speeded by computers — was conducted 
on individual circuits of each system 
to determine the combination of com- 
ponents which would provide maxi- 
mum reliability and minimum weight 
for each particular application. 


• Electrical configuration — It is 
planned that the B-70 system will con- 
sist of four 60-kva generators in paral- 
lel for main and emergency power. 
Through careful system designing, 
there will be a precise integration of 
generators with necessary control, 
regulating, and protective components. 

• Lightweight — Unnecessary weight 
will be eliminated by (1) combining 
Inductor and Lundell generator prin- 
ciples, (2) utilizing the generator 
frame as flux path, (3) use of more 
efficient magnetic material in the 
frame, and (4) integrating bearing and 
cooling and lubricating systems with 
the Air Vehicle Sundstrand Drive. 

Weight also will be saved in another 
way. In analyzing the complete B-70 
system. North American electrical en- 
gineers felt that the long feeder runs 
from generator to load offered an ex- 
cellent opportunity to evaluate a 
variety of generator voltages, feeder 
sizes, and transformer designs to de- 


termine the optimum combination. 
Coordination with General Electric 
indicated the practicability of such a 
design breakthrough. As a result, it 
was decided that power will be gen- 
erated and transmitted at 240/416 
volts and stepped down to 115/200 
volts at the load by novel transformers 
designed specifically for this applica- 
tion. A net weight saving to the air- 
craft of hundreds of pounds was thus 
accomplished together with improve- 
ment in electrical transmission and 
cooling efficiencies. 

Future Application 

General Electric research on this 
system holds bright promise for future 
applications. Further development will 
make similar systems available in 
many future ratings and sizes for 
other types of aircraft. For more de- 
tails, contact your General Electric 
Aviation and Defense Equipment Sales 
Office or write Section 796-1, General 
Electric Company, Schenectady 5, N. Y. 


Progress Is Our Most Important Product 

GENERAL® ELECTRIC 




BUSINESS FLYING 



FIRST delivery of an Aerocar pre-production model is made to Marshfield Airways, Massachusetts dealer for the vehicle. 


Aviation Week Pilot Report: 

Aerocar Makes Quick Airplane Transition 


By Barry Tully 

Teterboro, N. J.— Aerocar, the flying 
automobile, is ready to take to the air 
(and/or the road) after an 11-ycar ges- 
tation period. 

The two-place vehicle, designed for 
the man who wants to drive to the 
airport, fly to another and drive to his 
ultimate destination all in the same con- 
veyance, will be produced in 1960 if 
present licensing negotiations are suc- 
cessful. Aerocar. Inc., Longview, 
Wash., developer of the vehicle, is 
negotiating with United States and 
European manufacturing companies for 
the production of the Aerocar. At 
present, it appears likely that the Aero- 


car will be produced in West Gennany. 

One pre-production unit has been 
sold to Marshfield Airways, a Massa- 
chusetts dealer for the vehicle. Aero- 
car, Inc., says it now has 22 firm orders 
(SI, 000 deposits) for the Aerocar at a 
unit price of $9,500. The desired sales 
goal is 100 orders prior to production. 

Aerocar N103D was demonstrated to 
Aviation Week, in all its modes of 
utility, at Teterboro Airport by Moul- 
ton Taylor, the vehicle’s designer. 
Unusual Characteristics 

In its flight configuration, the Aero- 
car presents four unusual characteris- 
tics to the observer: 

• Four-wheel landing gear provides road- 


ability when the vehicle is in use as an 
automobile. 

• Internally-mounted engine, a four 
cylinder Lycoming 0-320 developing 
143 hp., is located behind the cabin 
scat. A fan cools the air-cooled engine. 

• “Y tail” configuration has horizontal 
stabilizers with 2 5 deg. positive dihedral 
and the vertical fin and rudder project- 
ing downward from the fuselage. 

• Pusher propeller, a ground-adjustable 
Hartzcll, is mounted on the empennage 
aft of the control surfaces. This pro- 
peller location, although not originat- 
ing with the Aerocar, undoubtedly 
turns the most heads among airport on- 
lookers. In flight, however, the aft 
mounted prop appears to produce no 
adverse effects and obv iously permits a 
smooth airflow about the wings and 
fuselage. 

Aside from the Aerocar’s radical con- 
figuration, the most impressive feature 
about the vehicle is that it does what 
its proponents say it will do (i.e. fly, 
drive, convert from one configuration 
to another in approximately 5 min. and 
tow its flight components on self-con- 
tained wheels). 

The Aerocar, as an aircraft, is a 
two-place, high wing monoplane with 
an internally-mounted engine driving 
a pusher propeller on the empennage 
by means of an 11 ft. shaft. Wing 
span of the aircraft is 34 ft. and length 
is 21 ft. 6 in. Empty weight is 1,500 
lb., and useful load is 600 lb.; allow- 
able baggage weight is 100 lb. 

Dual aircraft controls arc provided in 



AEROPLANE, non-roadablc. four-place Aerocar version, will utilize Aerocar wing and tail 
and will fold its wing (for storage). The nose is lengthened and the automotive components 
eliminated to provide for two additional passengers. 


AVIATION WEEK, 


sr 23, 1959 


the Aerocar. Aileron and elevator move- 
ment is controlled by means of the 
large automotive steering wheel on the 
left and with a small control stick for 
the right seat occupant. The steering 
wheel, which moves forward and aft 
to provide pitch control, is locked for 
automotive use and unlocked by touch- 
ing the rudder pedals. Two sets of 
rudder pedals are provided and the 
hand throttle is located in the center 
of the instrument panel. 

The automobile clutch, brake and 
accelerator are located between the 
rudder pedals on the left side. This 
requires a certain amount of orienta- 
tion, particularly for the pilot who 
must remember to use the automobile 
brake when taxiing. The pilot also has 
the option of using the foot throttle 
when taxiing. 

Aircraft instruments in N103D are 
limited to a tachometer, altimeter, air- 
speed. indicator and cylinder head tem- 
perature gage arranged across the 

A ball indicator on the left pro- 
vides a balanced flight check, and a 
magnetic compass is located above the 
windshield. The fuel quantity gage 
and the oil pressure gage are arranged 
with the automobile speedometer. 

After starting the engine, the auto- 
motive gearbox may be engaged in re- 
verse gear and the aircraft will move 
backward with the propeller turning. 
In taxiing forward, the gear lever is 
placed in neutral. 

Easy to Taxi 

Taxiing the Aerocar is quite easy. 
Directional control is maintained with 
the steering wheel, power is applied 
with cither the automobile accelerator 
or the hand throttle and the foot brake 
slows or stops the aircraft. Most people 
use the foot throttle to taxi, as the 
engine returns to idle upon the release 
of pressure. 

Taylor says the Aerocar will become 
airborne in 650 ft. Mv takeoff roll, 
however, took considerably more than 
that distance. After taxiing out for a 
rolling takeoff, I continued to acceler- 
ate the vehicle using the foot throttle. 
Taylor remarked that this technique 
would produce only 1,500 rpm. 
(40 hp.), hardly enough for takeoff. 
An abashed push on the hand throttle 
brought the desired 2,550 rpm. (27 in. 
of hg. and 135 hp.) and the takeoff was 
continued. 

Directional control throughout the 
takeoff roll was excellent. The Aerocar 
is steered by means of the steering 
wheel until rudder response is felt in 
the pedals. A slight rotation will bring 
the front wheels off the runway; in- 
creased rotation at about 55 mph. will 
lift the aircraft off the runway nicely. 
However, conservatism and a long run- 
way led to keeping the plane on the 



Cessna 150 Fitted with 'Patroller' Door 

Two-place Cessna 150 utility lightplane now is available with “patroller” doors fitted with 
a Plexiglas panel in the lower half to provide increased visibility during pipeline patrol and 
similar operations. These doors can be purchased separately and fitted to any of three 
versions of the Model 150 at a cost of $145, on an exchange basis. Patroller wings, with a 
usable fuel capacity of 35 gal., compared with the normal usable 22.5 gal. fuel capacity, 
increase the normal range from 630 mi. to 980 mi. and are available from the factory, 
again on an exchange basis for a cost of $157.50. A message chute, costing $19.50, can 
also be added on the left side of the Model 150 cabin, just in front of the pilot’s seat. 
Photo at top shows the "patroller” door installation on the copilot’s side. Below, increased 
downward visibility from the pilot's side is evident in the photograph taken in flight. 
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ESSO SUPPLIES FUELS 
TO THESE WORLD- 
FAMOUS AIRLINES: 

Air France 
Airwork, Ltd. 

Alitalia 

Allegheny Airlines 
American Airlines 
Avensa, (Aerovias 
Venezolanas, S.A.) 
AVIANCA (Aerovias 
Nacionales de 
Colombia, SA) 

BEA (British European 
Airways Corporation) 
Braniff International 
Airways 
Capital Airlines 
Capitol Airways 
CPAL (Canadian Pacific 
Air Lines) 

Cruzeiro (Servicos Aereos 
do Sul, Ltda.) 

Cubana Airlines 
Delta Air Lines 
Eagle Airways 
(Bermuda) Ltd. 

Eastern Air Lines 
Iberia Air Lines 
Japan Air Lines 
KLM (Royal Dutch 
Airlines) 

UN (Linea Aerea 
Nacional) 

UV (Linea Aeropostal 
Venezolana) 

Lufthansa German Airlines 
Mohawk Airlines 
National Airlines 
Northwest Orient Airlines 
PAA (Pan American World 
Airways) Panagra 
Panair do Brasil, S.A. 
Piedmont Airlines 
Real Aerovias Nacional 
Riddle Airlines 
SABENA Belgian Airlines 
SAS (Scandinavian 
Airlines System) 
Seaboard 8 Western 
Airlines 

Southeast Airlines 
Southern Airways 
Swissair 

TACA International 
Airlines S.A. 


Esso was ready with fuels for the jet age 

Esso has pioneered in aviation ever since there was aviation! 

• Esso fueled the Wright Brothers’ first flight. 


TCA (Trans-Canada 
Air Lines) 

Transocean Airlines 
TWA (Trans World 
Airlines) 

United Air lines 


• Esso developed the first 100 octane aviation gasoline. 

• Esso had jet fuels and lubricants ready before the commercial planes 
that use them were built. 

Today, Esso and affiliated companies are proud to be a major supplier of jet fuels and 
jet engine oils to leading airlines throughout the world. High quality aviation products 
are also available to private pilots through dependable Esso Aviation Dealers. 
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Highways or Skyways ..." ESSO RESEARCH works wonders with oil” 




deck until reaching 70 mph. on the 
first takeoff. 

The aircraft climbed out at full power 
indicating 60 mph. Rate of climb was 
estimated to be about 500 fpm. The 
Aerocar was quite stable on climb-out 
and torque effect was negligible. 

The general in-flight handling char- 
acteristics of the Acrocar are quite good. 
The aircraft is remarkably stable in 
climbs, glides, turns and in level flight. 
The light turbulence at low altitude 
near Tetcrboro did not affect the small 
aircraft adversely. Flying with the large 
automobile-type steering wheel, how- 
ever, does require a period of adjust- 
ment. Additionally, the small nose of 
the aircraft and the lack of gyro hori- 
zon or turn-and-bank indicator make 
it difficult to determine a wings-level 
attitude. This, no doubt, comes to 
the pilot with experience. 

One unusual flight characteristic of 
the Aerocar is the large control move- 
ment necessary to bank the aircraft. 
This is caused by the necessity to 
combine the steering geometry of the 
front wheels with that of aileron dis- 
placement. The compromise affords 
rather "tight” automotive steering and' 
extremely loose aileron feel. 

Rudder Response 
, Rudder response of the Acrocar is 
1 •cellent, particularly at low airspeeds 

"li the aircraft in a nose-high attitude. 
> v hen trimmed for hands-off level 
light, the aircraft will make a good 
* .inked turn after the initial yaw into a 
ricked rudder. 

! Stalls, both power-on and power-off, 
vere conducted with the aircraft. In 
both cases the aircraft stalled at ap- 
proximately 45 mph. indicated on a 
flickering airspeed indicator. The stalls, 
in both cases, were completely docile 
with no violent pitch down or tendency 
to drop a wing. Control response was 
good right down to the stalled condi- 

Recovcry, made by dropping the 
nose to a level flight attitude and add- 
ing power, resulted in very little loss of 
altitude. The lack of aerodynamic 
stall warning buffet necessitated the 
installation of a stall warning indicator 
which honks the automobile horn. All 
stalls were conducted in the "clean” 
configuration. The Aerocar is not fitted 
with flaps. 

The Aerocar cruised at 100 mph. in 
level flight at a power setting of 2,450 
rpm. Top speed in level flight is 110 
mph. and V,„. is 130; plane is restricted 
from acrobatic maneuvers. The 23.5 
gal. fuel tank of the Aerocar gives it 
an approximate still air range of 300 
stat. mi. with no reserve at its fuel 
consumption rate of 8 gpm. 

The Aerocar is intended to be, and 
is, a strictly VFR aircraft, the design 
philosophy being that when the 


Second Prototype Porter Demonstrated 


Second prototype of Swiss-built Pilatus Porter multi-purpose transport plane is demonstrated 
over the Bernese Obcrland (above). Aircraft now is available with either a Lycoming 275 
lip. engine or a supercharged Lycoming 340 hp. powerplant. Plane can be converted to 
ski-wheel combination for glacier rescue work. Below, a group of packages make up a 
1,100 lb. load for a typical rescue mission. 


weather is bad, drive it. Not only docs 
the weight penalty of the automotive 
components (360 lb.) preclude the in- 
stallation of gyro instruments and 
heavy radio gear, but the relatively 
slow cruise (100 mph.) and the 3 hr. 
endurance make it impractical to op- 
erate under instrument flight rules. 
The aircraft is equipped with navigation 
lights and the automobile headlights 
(low beam) can serve as landing lights, 
Glide tests were not conducted on the 
limited flight; however, it became ap- 
parent on landing that power-on ap- 
proaches are necessary. Taylor recom- 
mended an approach power setting of 
2,100 rpm. which brought the aircraft 


down a flat glide slope at 70 mph. in- 
dicated. Upon nearing the runway, a 
slight flare will slow the aircraft and 
establish a slightly nosc-up landing 
attitude. At touchdown of the rear 
wheels, the throttle is chopped and 
directional control maintained with 
rudder until all four wheels hit the 
runway at which point the steering 
wheel becomes effective. 

On landing, one must remember 
how low the Acrocar sits on the 
ground and take care not to flare out 
too high. Failure to do this on my part 
resulted in a nice test of the landing 
gear shock absorption system. The 
automotive type suspension (coil spring 
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Under fire, the performance of men and machines depends on the stuff they are made of. United States Steel 
makes the stuff for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 


You might be interested in some of the USS steels developed specifically for aircraft and missiles: USS Strux, 
an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 

USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 
applications; USS 12 MoV and USS 17-5 MnV Stainless Steels for high speed aircraft and missiles; Stainless “W", 
a precipitation hardenable Stainless Steel. Write for complete information about these remarkable new materials, 
and our revolutionary "sandwich" rolling technique for producing light gauge, wide alloy and stainless sheets. 
United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 

USS is a registered trademark 



United States Steel 
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GERS, CARGO, OR MIXED LOADS- 
FORTABLY AND ECONOMICALLY 
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The AW Argosy carries up to 83 passengers or 13J short 
tons of freight, or any combination within this payload. 
A typical mixed load would be over 7 tons of freight and 
35 passengers. Rolls-Royce Dart turbo-prop power 
ensures a low noise level for the passengers seated in 
pressurised comfort. Large fore-and-aft freight loading 
doors reduce turnround to 20 minutes. 

Components and systems are all well-tried and chosen 
for easy maintenance. Both passengers and freight can 
be loaded simultaneously. 


performance Power: 4 Rolls-Royce Darts. 

Aircraft cruising speed: (14,000 r.p.m.) 296 m.p.h. 

(475 km.lhr.). Maximum payload: 27,000 lb. (12,247 kg.). 
Range with fuel reserves and 20,000 lb. (9,072 kg.) 
payload: 1.000 st.m. (1.610 kil.). 

Size of hold: 46 ft. 6 in. (14.23 m.) x 10 ft. (3.05 m.); 
floor area 426 sg. ft. (39.6 sq.m.). 


THE ARGOSY 


FREIGHT DOWN TO 


HAWKER SIDDELEY AVIATION 32 Duke Street, St. James's, London, S.W.l 
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with shock absorbers), held up nicely. 

Taylor demonstrated a hands-off 
landing, and while the aircraft headed 
for the side of the runway under the 
influence of a slight crosswind, it was 
easily straightened out when the front 
wheels touched down. The expander 
tube brakes are effective and slow the 
aircraft in a straight line. The company 
fSays that the Aerocar can be braked to 
a stop on landing in 300 ft. This was 
not tested, however, nor were crosswind 
landings. 

Operating the Aerocar presents cer- 
tain human factors problems in that 
one is apt to confuse the control ac- 
tions of flying and driving. This con- 
fusion, while not unknown in conven- 
tional aircraft, is more likely to occur 
in the Aerocar since the cockpit en- 
vironment is the same for both flying 
and driving. Common manifestations 
of this include using the brake while 
flying, grabbing the hand throttle to 
shift while driving, or in my case, at- 
tempting a takeoff with the automobile 
accelerator. Most of these aberrations 
are not dangerous. However, pilots 
should be cautioned against them, par- 
ticularly when performing habitual 
actions. 

To convert the Aerocar to an auto- 
mobile, the wings are first unlocked by 
manually releasing two locking pins at 
either side of the cabin. Small trailer 
wheels are then cranked out of the 
wing roots and, after detaching the 
wing struts, the wings a.re folded back 
in the manner of the Grumman TBFs 
and F6Fs. With the wings folded in 
Dili's manner, the shift in weight dis- 
tribution causes the front wheels to 
be lifted from the ground. This is pre- 
vented by cranking a support rod out 
of the left wingtip which also serves to 
support the trailer when it is not being 
towed. The ailerons fold back over the 
■upper wing surface to provide clearance 
for the horizontal stabilizer. 

Three locking pins are unlocked to 
separate the wing and tail section from 
the auto. The prop shaft breaks at a 
spline, and the control cables separate 
at rocker assemblies requiring no con- 
nection or release. 

The flight component trailer is 15 
ft. long, 8 ft. high and 8 ft. wide; 
weight is 400 lb. The assembly is of 
all-aluminum construction as opposed 
to the glass fiber auto body. If the 
trailer is to be towed, it is turned 
around and connected to a trailer hitch 
which is fitted to the back of the car. 
The only tool required to remove or 
attach the flight components is a small 
hand crank that is carried in the car. 
Electrical interlocks on the five main 
locking pins prevent the starting circuit 
from being energized unless all five 
pins are driven. 

Aerocar N103D is licensed as an 


automobile in the State of Washington. 
The company says that it will meet the 
Motor Vehicle Code in every state. 

The vehicle, as an automobile, is a 
two-place car with a glass fiber body 
over an aluminum frame. The car has 
front wheel drive and is equipped with 
three speeds forward and reverse. Power 
is transmitted to the drive line through 
a fluid coupling and a multi-belt drive 
to the auto gearbox and drive shaft. 
The fluid coupling permits idling the 
engine in gear with the clutch out at 
rest; however this disengages the cool- 
ing fan and will overheat the engine 
if continued for any length of time. 

The use of front wheel drive lessens 
the spin-up loads placed on the drive 
line upon landing touchdown. 

The interior of the Aerocar contains 
many automobile appointments such as 
roll down windows, turn signals, and 

The car is started in the same man- 
ner as the aircraft, a 12 v. nickel cad- 
mium battery supplying the power. 
The noise level of the air-cooled engine 
is rather high and is particularly star- 
tling for a car of this size. One of the 
design problems of the Aerocar was the 
development of a muffler which would 
satisfy Motor Vehicle Codes without 
creating too much back pressure in 
flight. Taylor says that four designs 
were flight-tested before the present ex- 
pansion tube design was finally adopted. 

Driving the Aerocar on the taxiwavs 
at Teterboro indicated that the car 


would provide adequate about-town 
transportation. Steering is quick and the 
brakes are excellent. Neither speed tests 
nor hill climbs were conducted, but the 
manufacturer claims a practical road 
speed of 55 to 60 mph. A slight wheel 
shimmy detected at about 45 mph. may 
have been peculiar to N103D. 

In towing the flight components, low 
gear is used for starting. Otherwise the 
car is driven only in second and top 
gear, 'rhe car tows the trailer quite 
easily and the manufacturer’s recom- 
mended maximum towing speed is 50 
mph. The total length of the Aerocar 
when towing the trailer is 26 ft. 

Empty weight of the Aerocar is 1,100 
lb. The glass fiber body is used to re- 
duce weight and even the fuel tank is 
glass fiber, with a gravity fuel flow to 
the engine. 

Recommended fuel for the Aerocar 
engine is 80/87 octane aviation gaso- 
line. Realizing that this might be diffi- 
cult to procure when driving about 
town, the manufacturer has tested and 
recommends non-leaded automobile 
fuel as an alternate. 

Gas mileage as an auto is 1 5 mpg.— 
a 350 mi. range. 

The baggage space in the Aerocar is 
the area behind the scat over the engine. 

The successful flight characteristics of 
the Aerocar has led the company to 
design a four-place non-roadable model 
called the Aeroplane. The prototype of 
this aircraft is now under construction 
at Longview. 
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NEW FROM TELECOMPUTING... A Flexible PAM/PDM Automatic Decommutation System-This new system 
will decommutate up to 90 channels of IRIG telemetry data simultaneously with a system error of not 
more than ±0.3 percent of full scale at repetition rates of 75, 90, 150, 180, 300, 450, 600, and 900 pulses per 
second. The system’s modular translators, or output gates, are interchangeable and may be removed with- 
out affecting operation of the remaining units. Commutator speed changes as great as ±20 percent will 
not degrade system synchronization. An AMP patchboard receptacle permits crosspatching any trans- 
lator to as much as 5 channels or a single channel 
to as many as 5 translators. Output for each decom- 
mutated channel is ±15 volts full scale analog or 
transducer output. For additional engineering and 
application information, write, wire or phone to 


DATA INSTRUMENTS 
DIVISION OF TELECOMPUTING 
CORPORATION 
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Heat-Treat Coating Forms Oxygen-Tight Seal 

North American Aviation has developed a new coating for metal which eliminates the 
necessity of providing an inert gas atmosphere to prevent scale formation during heat 
treatment. Tradenamed “Skalix," the coating is applied by spraying or dipping and forms 
an oxygen-tight seal at furnace temperatures. H. A. Storms, chief engineer at North Ameri- 
can’s Los Angeles Division, said the coating has uses in heat treating stainless steel, nickel- 
chrome alloys, cobalt alloys, copper alloys and new exotic alloys now under development. 
Aside from eliminating the need for an inert atmosphere and the attendant cost of such a 
method, Skalix spalls off the metal surface as it cools, leaving the surface free of scale and, 
in some instances, requiring no further treatment. 


Gyro Attitude Indicator 

Remote vertical gyro indicating sys- 
tem fits in a standard 2 in. square cock- 
pit panel cutout and is intended as a 
standby unit to replace an aircraft’s 
primary system in the event of a mal- 
function. 

Pictorial indicator, Model 4012, dis- 
plays pitch and roll attitude by move- 
ment of a light grey and optical black 



sphere behind a fixed, symbolic air- 

A 1.5:1 gearing in the pitch axis 
provides increased sensitivity of the 
pitch attitude. Indicator is hermetically 
scaled and includes two miniaturized 
transistor amplifiers. The servo loops 
are 70% critically damped; the two 
amplifier modules are identical and in- 
terchangeable. 

Lear, Inc., Grand Rapids, Mich. 



Rubber sleeve insulators are used to 
insulate the outer case from the solid 
fuel of rockets and missiles. 

The sleeve prevents the solid pro- 
pellant from burning through the mo- 
tor casing, thus causing failure of the 
rocket. The insulator will be used on 
the Polaris and Minutcman missiles, 
and is in use on the Terrier, Tartar and 
Tabs booster. 

Garlock Packing Co., Palmyra, N. Y. 

Missile Ball Valves 

Ball valves, operating at 10,000 psi. 
pressures, are designed for missile 



cm 

Available from Stock! 
NEW, INEXPENSIVE, 
LIGHTWEIGHT ORDNANCE 
CRYOGENIC COUPLINGS 
from FUTURECRAFT 

Now you can replace obsolete cryogenic 
couplings with these new screw type units 
from Futurecraft— and connect flex lines, 
tubing or pipe quickly, easily and safely 
fluid-tight. 

These couplings— service proven on Ord- 
nance projects— are pressure rated at 150 
psi operating, 300 psi proof and 450 psi 
minimum burst. Only low torque is re- 
quired for a safe, tight seal. These Future- 
craft couplings are available from stock 
in sizes from 1" to 4" in Vi" increments, 
LOX cleaned and packaged. Installation 
tools are available. 


Write for complete details 



NUGO 

"THRED-LOCK X-7" 

Couplings 

. . . are ideal when weight, 
small envelope size 
and SAFETY 
are of prime importance. 



NATIONAL UTILITIES CORPORATION 

826 So. Arroyo Parkway • Pasadena, Calif. 


Write, giving us your 
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mars vehicle. Drawing, based on Boeing study, of space 
vehicle designed for launching from orbiting platform for recon- 
naissance flight to Mars and return. Lunar, orbital and interplane- 
tary system studies, and expanding programs such as the advanced 
Minuteman solid-propellant ICBM, are typical of challenging, long- 
range assignments Boeing offers electronic-electrical engineers. 



□ARK TUNNEL.View in 100-foot dark tunnel, part of extensive 
Boeing infrared research and development facilities. Boeing investi- 
gations include use of infrared, visible and ultra-violet technicpies 
for use in communication, navigation, detection and guidance at 
altitudes above tropopause. IR systems, inertial navigation, electrical 
power systems for satellites, shockwave radiation and refraction and 
irdome heating are other areas of assignments open at Boeing. 
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ground support systems, airborne serv- 
ice and fuel loading and checkout sys- 

Models are available for handling 
helium, liquid oxygen, red fuming nitric 
acid, hydrogen peroxide and other fluids. 

The valves may be furnished with 
pneumatic, hydraulic, electric or man- 
ual actuators. The pressure operated 
valve shown weighs 1* lb., measures 

x 4i x 5 in. over-all, and has an 
equivalent orifice of 3 in. and MS- 
33656-12 ports. 

Pneu-Hydro Valve Corp., 52 Horse 
Hill Rd., Cedar Knolls, N. J. 


Baggage Computer 

Airline baggage computer weighs, 
records and computes amount of excess 
weight, if any, all in one operation. 

The baggage is placed on the scale 
and the agent enters the destination. 


DETECTO SCALES 
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free allowance and excess rate into the 
computer. The computer prints a ticket 
indicating the amount of excess to be 
charged. 

Detecto Scales, Inc., 540 Park Ave., 
Brooklyn 5, N. Y. 

High Temperature Motors 

Electric motors, designed to operate 
on North American Mach 3 aircraft, 
will operate continuously at 600F tem- 
peratures. Other applications include 
missiles, space vehicles, high radiation 
environments and engine controls. 

Three models have been produced to 
operate continuously and intermittently 
in an ambient of 600F at 80,000 ft. alti- 
tude: one provides 0.05 hp. for intermit- 
tent duty, another 0.5 hp. for continu- 





This Deutsch-designed crimp, used for 
Deutsch DS miniature snap-in connectors, 
consists of two series of four indents. 

It assures a crimp that is stronger than 
AN #18 wire itself. Special Deutsch 
crimping tools (manual or automatic) 
make the crimping simple, swift and sure. 

what’S more... Deutsch-designed 
tools solve the problems of inserting and 
removing contacts, quickly and easily. 




And... just glance at these 

Deutsch DS connector specs: 

7 shell sizes, with alternate clocking and 

utsch ball-lock coupling 
irfacial seal 

range -67° to in excess of 300° F 
lectrieal contact 

3h DM (MS) 

it all applicable requirements of MIL-C-26482 

So why worry? For details on completely 
reliable snap-in type connectors, contact 
your local Deutsch representative 
or write for data file H-ll. 

The Deutsch Company 

ELECTRONIC COMPONENTS DIVISION 
Municipal Airport • Banning, California 
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320°F? 


"Malfunction" is the most feared word 
a rocket scientist can hear. One of its 
most critical sources is temperature. 
Ranging from hundreds below aero to 
thousands above, temperature extremes 
can play havoc with milli-second per- 
formance specifications of complex valves 
and pumping systems. 

In picture left, liquid nitrogen flowing 
through a turbo pump valve of a type 
used on the powerplant for the Air 
Force's X-15 drops the temperature within 
the valve to minus 320°F. This is slightly 
cooler than in actual operation, when the 
valve will pump highly combustible liquid 
oxygen (minus 297°F) and ammonia. 

Laboratory tests are an essential part 
of the continuing research program in 
new materials, new design and new fuels, 
carried on by thiokol 's rocket builders. 
In close support are the scientists of 

tinually seek new properties for their 
liquid polymers to meet increasing per- 
formance demands. 

It is through such scientific team effort 
that thiokol has been able to design 
and build liquid and solid rocket propul- 
sion systems having a remarkable record 
for flawless functioning. 

To become a thiokol scientist is to 
enter today’s most fascinating industrial 
arena. Challenging assignments exist for 
research chemists in: 

Propellant Analysis; Propellant Formula- 
tion: Organic and Inorganic Polymers: 
Fluorine and Metal Hydrides Synthesis; 
High Vacuum Techniques; Fast Reaction 
Kinetics; Shock Wave Phenomena; Com- 

For engineers, there are scores of 
exciting career opportunities in the areas 
of servo system and electro mechanical 
design, in instrumentation and many other 
phases of advanced propulsion research. 

THIOKOL plants are located in areas 
that are good places to live — Bristol, 
Pennsylvania; Elkton, Maryland; Hunts- 
ville, Alabama; Marshall.Texas; Denville, 
New Jersey; Trenton, New Jersey; 
Brigham City, Utah; Moss Point, Miss. 
For further information contact: Person- 
nel Director at any plant address above. 


is Research to the Core 


THIOKOL CHEMICAL CORPORATION 
Bristol, Pennsylvania 
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ous duty, and a 1 5 hp. continuous duty 
motor. All motors operate on three 
phase, 1 1 5/200 v., 400 cps. power, and 
meet the environmental requirement of 
MIL.-E-5272C. 

AiResearch Manufacturing Division, 
9851 Sepulveda Blvd., Los Angeles, 
Calif. 

Hydraulic Selector Valve 

Solenoid operated hydraulic selector 
valve is available in two versions. 

IIP 548100 is a four-way. three posi- 
tion. spring loaded to neutral valve 
solenoid with optional manual over- 
rides. This unit is qualified per Mil 
specs for use in a 3,000 psi., —65 to 
2751'' hydraulic system. Production 
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models are available in —4. —6, and 
— 8 line sizes, using forged aluminum 
bodies with hardened 440C stainless 
steel spools and sleeves. Model HP- 
574100 is a two-position spring loaded 

Ilvdra-Power Corp., Pine Court, New 
Rochelle, N. Y. 

Ultrasonic Flaw Detector 


Ultrasonic flaw detector suitable for 
both contact and immersion inspection 



techniques can be directly mounted on 

The \jl rcflcctoscopc has a 12 in. 
dual trace display tube and a two-color 
display which permits flaws to be readily 
distinguished from range marks. Fre- 
quency ranges of the unit run from 1.0 
to 25.0 me., weight is 100 lb., and the 
unit measures 18 x 15 x 21 in. The 
repetition rate is variable from 200 to 
2,000 pps. 

Separate receivers arc provided for 
quartz or lithium sulfate and barium 
titanate transducers. 

Sperry Products, Inc., Shelter Rock 
Road, Danbury, Conn. 

WHAT'S NEW 


Telling the Market 

Conversion Charts for Tiine-Tcm- 
perature Parameters for converting 
stress-rupture test data to a parameter, 
Westinghouse Aviation Gas Turbine 
Division. Dept. T-331, 95th & Troost 
Streets, Kansas City, Mo. . . . Dia- 
grams, performance details, photo- 
graphs, and operating principles of the 
Exploding Bridgeware System for 
initiating missile and space vehicle 
ordnance functions, F.BW brochure, 
Kenneth Johnson. Lib rascope/S un n v- 
vale. 670 Arques Avc., Sunnyvale, Calif. 

Encapsulated Transformers, bro- 
chure, describes performance charac- 
teristics and applications of patented 
IIR/Epseal and Elcctroseal transformer 
constructions. Electro Engineering 
Works. 401 Prcda St.. San Leandro, 
Calif. . . . Curves and tables, applica- 
tions and characteristics of Scries 2200 
Microbon Ribbon fluid filter elements, 
Brochure No. 44. Bendix Filter Division 
of Bendix Aviation Corp., 434 West 
12 Mile Rd.. Madison Ilgts., Mich. 

Detailed description of the Model 102 
lightweight, turbine-driven fuel pump, 
catalog sheet, Sales Dept., Santa Bar- 
bara Division, Curtiss-Wright Corp., 
6767 Hollister Ave., Golcta, Calif. . . . 
Adhesive Bonding of Aluminum, book- 
let. Reynolds Metals Co., Dept. PRD- 
21, Richmond 18, Va. 

Olunite Components for Military 
Applications, Catalog No. 50, contains 
summary charts, dimensional drawings 
and derating graphs of value to devel- 
opment engineers, Ohmitc Manufac- 
turing Co., 3675 Howard St.. Skokie, 
111. . . . Properties of Ti-4Al-3Mo-lV, 
Titanium Engineering Bulletin No. 8, 
gives design data on heat treatable ti- 
tanium sheet alloy for minimum-weight 
high-speed aircraft, Titanium Metals 
Corporation of America, 233 Broadway, 
New York 7, N. Y. 
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..NEWS IS HAPPENING AT NORTHROP^ 



THIS IS A 

SPACE SUIT 

How Norair Management Answers Space Age 
Problems New Ways-at Far Less Cost 

Like his scientific colleagues in their men-from- 
Mars uniforms, the Norair man in his business 
suit is making breakthroughs that close the gap 
that separates us from Outer Space. His break- 
throughs in management techniques bring the 
impact of efficiency to finding new and better 
ways to create space age advances at less cost. 
Norair men continually research and improve 
their own methods at all levels of operation. 
They integrate efforts from manufacturing, engi- 
neering and management.They apply their own 
unique Northrop methods like PACE (Per- 
formance And Cost Evaluation), Target Cost 
Control, Value Analysis, and Machine Utiliza- 
tion to push the learning curve ever steeper. 

With the help of suppliers and associates, Norair 
can produce anything in the space/aircraft field 
that the mind of man can devise. But Norair is 
not content to rely on its vast capacities and 
capabilities simply to get the work out on time. 
Management takes the advanced step, because 
it knows that its profits come, not through 
charging the customer more, but through reduc- 
ing costs. Going beyond standard management 
procedures, Norair brings new techniques, new 
methods, new thinking to all areas to deliver 
new and more effective capabilities to answer 
the problems of superior Free World defense 
in the space age - at minimum cost. 


A NORAIR 


A Division 0 i NORTHROP CORPORATION 

Hawthorne, California 


SAFETY 


CAB Accident Investigation Report: 

Turbulence Blamed in Viscount Breakup 


About 1613, May 12, 1939, Capital Air- 
lines Flight 73 disintegrated in flight over 
an area near Chase, Md. All occupants, 
four crew and 27 passengers, were killed. 
The aircraft, a Vickers-Armstrongs Viscount, 
N 1 7463, was destroyed. 

From all of the available evidence the 
Board believes that the in-flight disintegra- 
tion was caused by aerodynamic loads im- 
posed on the aircraft which exceeded its 
design strength and which were generated 
by an excessive airspeed combined with 
turbulence and maneuvering loads (AW 
Nov. 2, p. 30). Based upon the evidence, 
the Board concludes that there was a loss 
of control in extreme turbulence in the area 
of thunderstorms and, after a steep involun- 
tary descent during the subsequent recovery, 
loads beyond the design strength of the 
aircraft occurred. 

Following the preparations for Flight 73, 
Capital Airlines dispatch had received addi- 
tional weather information affecting the 
route of flight. This information was the 
first that delineated the location of a po- 
tential squall line along the route and indi- 
cated that the severity of thunderstorms 
along the line was increasing. Although it 
was known that Flight 73 did not have the 
assistance of operable radar no action was 
taken by dispatch to ensure that the flight 
had received this information. The Board 
considers this information would have been 
valuable to the flight. 

INVESTIGATION 

On May 12, 1959, Capital Airlines Flight 
73 was scheduled from La Guardia Field, 
New York, to Atlanta, Ga„ departing at 
1300' and arriving at 1733. flic assigned 
crew was Capt. W. C. Paddack, First Officer 
M. f. Flahaven, and Hostesses D. Gulick 
and S. Wessell. Company crew histories, 
training records, and recurring proficiency 
cheeks showed the crew members were 
properly qualified and certificated for their 
respective positions. Capt. Paddack had 
flown more than 22,000 hr. 

The day of the accident, N 7463 was 
originally scheduled for Trip 79; however, 
writeups that the No. 2 engine operated 
with an excessive tailpipe temperature re- 
quired it be removed from the assignment 
to change the No. 2 fuel control unit and 
high pressure fuel pump. This work cor- 
rected the trouble and was completed early 
in the afternoon. The plane was then re- 
scheduled to operate as Trip 75 and serv- 
iced to 14,500 lb. of kerosene and 60 gal. 
of water-methanol. 

A review of the company service and 
maintenance history indicated the aircraft 
had been maintained properly and was in 
m airworthy condition for Trip 75. The air- 
borne weather radar was inoperative; hovv- 
cver, it was not a required item under ex- 
isting regulations or by company policy. 

Capt. Paddack and First Officer Flahaven 


arrived at La Guardia about 1240 as the 
pilots of Capital Flight 220 from Detroit. 
Evidence obtained during investigation re- 
vealed they remained at the airport between 
flights and that they seemed to be in good 
health and spirits. Both were observed in 
and about the crew lounge and engaged in 
the preparations for Trip 75. Capt. Paddack 
spoke with ground personnel about the 
maintenance work on N 7463 and was later 
seen watching the plane being serviced. Tire 
first officer was observed just before flight 
time walking around the aircraft, obviously 
preflighting it. 

Flight Delayed 

Flight 75 taxied away from the terminal 
at 1520, 20 min. late. The last-minute 
delay occurred when Capt. Paddack found 
an error in the aircraft gross weight compu- 
tation and questioned the weight for the 
existing runway restriction. At 1453 the 
flight radioed for runway temperature. The 
senior operations agent came aboard and 
he and the captain rechecked the computa- 
tions to make sure the weight was correct 
and below maximum allowable for the run- 
way length, the existing surface wind, and 
temperature. Hie problem was satisfied and 
it was determined that the gross weight was 
60,507 lb., 103 lb. less than the maximum 
allowable of 60,610 lb. 

During taxi. Flight 75 was issued an in- 
strument clearance according to an instru- 
ment flight rules flight plan filed earlier. At 
1529 a normal takeoff from runway 22 was 
observed. Executing the clearance. Flight 75 
made numerous radio communications in 
the New York area and proceeded unevent- 
fully to its assigned cruising altitude, 14,000 
ft., and onto the assigned airway. Victor 3. 
Regular position reports were made as the 
flight progressed. 

At 1602 Flight 75 contacted the Wash- 
ington Center. It reported that it was over 
Westchester on the hour, 1600, at 14,000, 
estimating Westminster at 1617, with Hern- 
don next. In the same message it advised, 

. . ah, we’ve got a pretty good string of 
thunderstorms along that course . . . ah, if 
we could stay in the clear and stay a little 
bit south of Westminster, is that O. K. 
with you?” The center controller replied, 
"Capital 75. that’ll be all right and report 
passing Westminster.” The flight acknowl- 
edged. At 1610 the flight advised, “Ah, 
Washington Center, this is Capital 75, we’ve 
reduced to one seven zero knots account 
rough air." This was the last message 
from the flight on the center recorders and 
the last which could be determined as hav- 
ing been made. 

Witnesses Report 

More than 100 eyewitnesses to the acci- 
dent were interviewed and most provided 
written accounts of their observations. It 
was immediately evident that most were at- 
tracted by the in-flight breakup itself and 
comparatively few saw the aircraft both 


before and during the in-flight disintegration. 
With so many accounts, some varied or 
could not be correlated with a preponder- 
ance of other information. The majority, 
however, were consistent with other phases 
of the Board investigation and provided 
valuable information. 

According to the evidence, just prior to 
the disintegration the aircraft was flying 
southwest at an altitude estimated as be- 
tween 3,000 and 7,000 ft. A majority 
believed it was flying in a straight and level 
attitude and at a normal speed. At the 
time of disintegration it was in a clear area 
between clouds and near large thunderstorm 
buildups. 

Of those who saw the aircraft just before 
and during the breakup one was attracted 
by a loud engine or propeller noise, another 
said the sound was surging. Several saw a 
fire just before the breakup. Two placed it 
near the right wing root, another on top of 
the cabin, and another just in front of the 
tail. Most, however, said the only fire was 
a large flash explosive fire that occurred 
simultaneously with the in-flight disintegra- 
tion. At least three eyewitnesses said the 
aircraft was struck by lightning and then it 
exploded; a majority held that no lightning 
was involved. 

Observers were most consistent that the 
right wing separated first, and instantly 
thereafter the remaining aircraft structure 
broke into three major sections. All agreed 
that most of the pieces fell to the ground 

From those witnesses who could relate 
the accident to a specific time reference it 
was reliably determined that it occurred 
very close to 1613. 

Breakup Altitude 

Since most who saw the aircraft break up 
estimated it was between 3,000 and 7,000 
ft. when it disintegrated instead of 14,000 
ft,, the assigned and last reported altitude, 
a flight test was made to determine the ap- 
proximate altitude. A Capital Viscount was 
flown several times along the probable 
flight course of N 7463, at different altitudes 
from 3,000 to 14,000 ft., while 11 eyewit- 
nesses watched from their original positions. 
Each designated the pass on which the 
altitude of the test plane was closest to that 
of N 7463 when it disintegrated. The re- 
sult averaged 5,300 ft. 

The main wreckage was located about 2 
mi. northeast of Martin Airport near Chase, 
Md. The area is 49 naut. mi. from the 
Westchester omni on a magnetic heading of 
236 deg. The heaviest portions of structure 
were found concentrated in a localized area 
showing an instantaneous breakup of most 
of the aircraft, although many lighter and 
smaller pieces were drifted by northwest 
winds and deposited along a southeast path 
about 21 mi. long. Some of this latter 
structure fell into swamp and heavily 
wooded areas and some into shallow inlets 
of Chesapeake Bay. An exhaustive search, 
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Instant contact identification 
SEAL 

hermetic receptacles 


Faster wiring, less chance of errors, reduced inspection time— 
these production advantages are possible only with Amphenol’s 
superior Identoseals. Each contact is clearly and sharply defined 
— fired-on white ceramic letters contrasting strongly with the 
dark brown glass— both on the face and the rear of the insert. 

Instant contact identification is one of many advantages of 
Amphenol Identoseals. Rugged compression sealing provides a 
tight bond between shell, glass and contacts that is extremely 
strong and highly resistant to thermal shock. Identoseals are 
capable of continuous operation at 850° F. Insulation resistance 
is over 100,000 megohms. 

Identoseals are available in MS-type receptacles that mate 
with MIL-C-5015 plugs, in miniature sizes and in numerous 
special configurations. An engineering staff expei’ienced in her- 
metic sealing can immediately meet your requirements. 


“MS" Round Flange "MS” Square Flange “MS" Flangeless "MS" Hex. Flange 



MPHENOLl connector division 

^ == ~ =s= ^ Amphenol-Borg Electronics Corporation 

1830 S. 54TH AVENUE • CHICAGO 50. ILLINOIS 


greatly assisted by several civil and military 
organizations, resulted in recovery of about 
90% of the aircraft structure which was 
then moved to a hangar, laid out, and given 
meticulous examination. 

1 'lie empennage structure was localized 
about one mile southeast of the main wreck- 
age concentration. Examination of this 
structure showed both the left and right 
horizontal stabilizers failed downward along 
a chordwise line near the No. 2 elevator 
hinge. The stub end of the left stabilizer- 
was tom from the fuselage by forces pre- 
dominantly rearward and downward. The 
remaining portion of the right stabilizer 
remained attached to the fuselage; however, 
the lower surface was wrinkled in the area 
adjacent to the fuselage. The upper surface 
was wrinkled at the root just forward of the 
spar and the wrinkle continued into the aft- 
fuselage. Both elevators were torn off in 
sections by forces causing failures at the 
hinge points. The vertical fin was torn off 
by forces predominantly to the left. It 
separated, tearing with it part of the fuselage 
attachment frame at station 870. The rudder 
separated from the fin at the hinge points 
and was broken into four sections, one of 
which was not recovered. 

Fire Evidence 

The empennage surfaces were unmarked 
by fire but fuselage structure located imme- 
diately ahead was heavily sooted by fire. 

The right wing separated in flight. It 
broke downward along a chordwise line near" 
the wing root. Tin's wing panel fell in 
flames, was damaged by ground impact, and 
partially consumed by fire. 

The left wing outer panel separated in 
flight along a chordwise line in the area of 
the No. 1 engine nacelle. Tin's panel sepa- 
rated from forces that failed the wing spar 
forward. Between the No. 1 and 2 nacelles 
the wing panel was broken into several sec- 
tions, the spar was bowed downward, and 
the upper wing skin was failed by tension 
loads. Near the inboard fracture line the 
wing spar failed rearward. The stub end of 
the left wing and wing center section re- 
mained attached to the center fuselage. 
Evidence showed that the left wing separa- 
tion and breakup, which tore open fuel cells 
was accompanied by an intense flash fire. 
The left outer wing panel fell in flames and 
continued to burn on the ground until it 
was nearly consumed. 

Gear, Flaps Up 

The landing gear was retracted and locked; 
flaps were up. 

The fuselage broke up in flight into three 
principal sections. These, in general, were 
the cockpit and forward passenger cabin, 
the cabin rearward to the last row of seats, 
and the aft fuselage from the last row of 
seats to the area below the vertical stabilizer. 
Much of the fuselage shell and overhead 
structure tore away in small pieces. These 
were found scattered over the full 2J mi. 
long wreckage path. 

Examination of all passccngcr seats, ex- 
cept one not recovered, showed they had 
been subjected to positive loads. Because 
these were opposite to the loads imposed 
on the seats during breakup, they obviously 
occurred earlier. 

Ncarlv the entire left side of the fuselage 
was sooted by fire and in areas of the 


heaviest deposits paint was blistered. Study 
showed this occurred after many pieces tore 
away because some pieces normally located 
next to those that were sooted were clean. 
Comparatively, the right side of the fuse- 
lage showed little exposure to fire. 

In other areas of in-flight fire damage 
there was much evidence of a flash fire dur- 
ing the breakup; there was no evidence that 
a fire or explosion preceded the distintegra- 
tion. The wreckage was also examined for 
evidence of a lightning strike. It was not 
possible to conclude that lightning did not 
strike the aircraft; however, it was conclu- 
sively established that there was no signifi- 
cant damage to the aircraft as a result of a 
lightning strike. 

All four powerplants separated from the 
aircraft about the same time and fell reason- 
ably close to each other in the main wreck- 
age area. Examination showed that the 
nacelles failed at their attach point to the 
wing as the result of uploads, although 
downloads had occurred prior to separation. 
'Hie latter caused damage to the propeller 
reduction gearing assemblies and to the 


No Malfunctions 

Examination revealed nothing which in- 
dicated malfunction or failure of the engines 
prior to the breakup sequence. There was 
no indication of operational distress, inade- 
quate lubrication, or overheating. On the 
other hand, there were clear indications that 
afl of the engines were operating when they 
tore off. The No. 2 and -f fuel-trimmer 
actuators were positioned for reduced power. 

Each propeller, except No. 3, was found 
attached to its respective engine. No. 3 
separated in flight and was found about 775 
ft. from its engine. Examination indicated 
separation occurred when the No. 3 propel- 
ler blades struck a heavy object during the 
in-flight breakup. This gouged the blades 
and caused a torsional failure of the engine 
reduction gearing coupling shaft. The blow 
also caused an elongation of the propeller 
blade operating dowel pin holes at a posi- 
tion which showed a propeller blade angle of 

At ground impact the No. 1 propeller 
blades were positioned about 2d deg.; No. 
2, about 29 deg.; No. 3, about 6 deg.; and 
No. 4, 16 deg. Propellers No. 3 and 4 
were in the ground fine pitch range. These 
positions, because of the numerous safe- 
guards that prevent ground fine pitch from 
occurring in flight, were determined to have 
resulted from free fall and impact forces. 
Consequently, only the blade angle of the 
No. 3 propeller was considered valid and 
significant. 

A review of the original certification proc- 
ess for the British-manufactured Viscount 
showed it was built to conform to the 
British Civil Air Requirements and issued 
a British airworthiness certificate. The 
Federal Aviation Agency, then CAA, re- 
viewed the specifications and requirements 
and, w4icn satisfied that an adequate stand- 
ard of airworthiness existed, accepted the 
British certificate and issued the aircraft the 
U. S. airworthiness certificate. This process 
was carried out under the terms of Executive 
Agreement 69 of Oct. 17, 1934. It was 
stated bv both representatives of the 
British and U. S. that the strength require- 
ments of each country are about the same 
and the Viscount met or exceeded both . 


The recommended rough air penetra- 
tion speed for the Viscount is about 170 
kt., the last airspeed reported by Flight 
75. At or near this speed the aircraft 
strength is sufficient that extreme maneuver 
and/or gust loading will stall the aircraft 
rather than cause a structural failure. 

Autopsies were performed on all of the 
crash victims according to provisions of the 
law of the State of Maryland. At the public 
hearing the Chief Medical Examiner testi- 
fied relative to the findings in order that the 
Board could avail itself of every facet of in- 
formation relevant to the accident. 'Hie 
findings indicated that all of the occupants 
of the plane were killed by impact with the 
ground, although about 20 passengers had 
sustained ante-mortem injuries. The ma- 
jority of the ante-mortem were described 
as scalp injuries of the type and degree 
which suggested heavy bumps on the head 
by contacting overhead structure. 

Others were scat belt injuries and two 
or three suggested forces applied down- 
ward on the body forcing it into the 
passenger seat. The findings showed that 
some passengers were exposed to an intense 
flash fire which contained droplets of flaming 
liquid. At least 10 passengers revealed an 
elevated level of carbon monoxide; the high- 
est was about 10%, not normally a dis- 
abling amount. The medical examiner said 
the time required to attain the levels found 
was difficult to determine. Depending on 
several factors, the time could vary from 
eight seconds to several minutes. He in- 
dicated that the relatively few bodies show- 
ing carbon monoxide was consistent with a 
short period of exposure during which some 
passengers were affected while others in the 
immediate area were not. The medical find- 
ings indicated none of the persons was 
struck by lightning. 

The findings indicated the pilots had no 
pre-existing physical condition which would 
impair normal duties and nothing suggested 
that pilot incapacitation was a factor in the 

Board investigators found no evidence in 
the medical information that was inconsis- 
tent with the phvsical examination of the 
aircraft. In fact, the information was in 
accord with evidence found during other 
phases of the accident investigation. 

At 1600 a cold front existed along a line 
from Philadelphia to Baltimore to near 
Gordonsville. Va. Regional forecasts issued 
by the Weather Bureau in Washington 
at 0700 and 1 300 and the area fore- 
cast 5 issued by the Weather Bureau at 
Idlcwild at 1400 drew attention to the pos- 
sibility of locally severe thunderstorms and 
extreme turbulence associated with the 
front. The front was forecast to be virtually 
stationary. The 1400 area forecast also 
staled there was the possibility of a squall 
line development in advance of the front. 

At 1415 the Idlcwild Weather Bureau 
office issued the following flash advisory. 5 
"Line of scattered thunderstorm activity 
near Marfinsburgllarrisbiirg-Poughkeepsie 
northeastward is moving eastward about 20 


hazardous vv — 
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Forecasts include potentially 
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Radome Boresight Error 

satisfies MIL-R-7705A|ASG1, including type II 
rodomes. Boresight error is automatically recorded 

infrared. Model 150C for monopulse ond conical 
scon. Model 1 SOB for bombing-type ond other 





Flight and Altitude Simulation 
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lightweight 
high-strength shelters feature 
new design and versatility 
to meet global requirements 


To support the mobility concept of current global strategy, 
Aeronca has developed a new line of airborne shelters. These 

and personnel in the field . . . weigh 40% less than previous 
units of comparable size. And because of their flexible interior 
arrangement, diversified payloads can be mounted without 

also feature new design, construction and materials concepts 
to achieve maximum versatility . . . high strength-weight 
ratios . . . world-wide all-weather application . . . low cost 
mass production. 


Designed and produced by specialists in air- 
craft / missile weapon systems and subsystems 




Operational expansion has created openings for additional senior engineers. Write to W. W. Gordinier, Personnel Manager. 


kt. accompanied by severe turbulence and 
conditions locally below 1,000, visibility 2 

Tin's line will move to near Providence- 
New York City-Philadelphia by 1800 in- 
creasing in intensity during afternoon. Valid 
until 1815." The Capital meteorologist 
located in Washington marked off the 
areas covered by the advisory on a black- 
board chart located on one wall of the dis- 
patch office. The advisory was also available 
on the teletypes at the dispatch sectors 
positions in the office. 

During the afternoon, radar reports were 
issued about hourly from Andrews AFB 
weather. These reports described the loca- 
tions of the thunderstorms and indicated 
they were increasing in intensity during the 
afternoon along the New York-Washing- 
ton route of Flight 75. These reports were 
also on teletype machines located in Capi- 
tal dispatch at the sector positions. 

About 1548 the cold front passed the 
Baltimorc-Chase area. It was indicated bv 
a pronounced wind shift in about two 

mercury in 20 min., and wind gusts to 
about 45 kt. 

According to the Civil Air Regulations 
and the Capital Airlines Operations Manual, 
dispatch may cancel or divert a flight on the 

weather conditions. The captain of a flight 
has this authoritv and under emergency 
conditions may tale such action as he con- 
siders necessary in the interest of a safe 
operation. Dispatch is also required to 
furnish the en route pilot any additional 
available information concerning meteoro- 
logical conditions which may affect the 
safety of a flight. 

No action was taken by dispatch to fur- 
nish the flash advisory or radar information 
to Flight 75. Dispatch did not know if 
Capt. Paddack had received the advisory 
prior to departure. It was stated by dispatch 
personnel that they believed the flash ad- 
visory indicated improved conditions over 
those previously forecast and that all of the 
weather data indicated the thunderstorms 

With respect to providing an en route 
flight weather information, one dispatcher 
said, "If the trip is operating in a scattered 
thunderstorm condition, the likelihood of 
any extended period in solid cloud is al- 
most negligible. If he is operating where 
you would expect solid IFR conditions, 
it Is a condition that requires all of the in- 
formation he can get." It was stated that 
because many Capital aircraft are not radar- 
equipped there was no distinction in the 
information furnished the en route flight 
based on this equipment. 

Following the accident, a study of the 
weather conditions prevailing in the accident 
area at the time of the accident was made 
by a U. S. Weather Bureau research 
meteorologist. The results of this study 
showed there were large rapidly developing 
thunderstorms in the vicinity of Martin 
Airport, located about 2j mi. southwest 
of the accident area. Utilizing several tech- 
niques it was also determined that extreme 
turbulence’ most probably existed at 14,000 



A SPECIAL KIND 
OF POSITION 

FOR SPECIAL KIND OF MEN 

To help meet the urgent and continuing problems of national 
security, RCA has created an Advanced Military Systems 
Department at Princeton, New Jersey. There, in an atmos- 
phere of complete intellectual freedom, men of a very special 
kind are engaged in highly sophisticated analysis and study 
of our national defenses — present and future — and how they 
can be made most effective to meet any future enemy capability . 
THE POSITION— Studies conducted by the RCA Advanced 
Military Systems Department are of the broadest scope and 
cover such diverse areas as physical and engineering sciences, 
military science, economics and geophysics. Accordingly, 
each member of the technical staff may select his own area 
of work. The only requirement: results must have a direct 
application to problems of national defense. 

Each staff member is provided with every opportunity, 
facility and detail of environment to use his creative and 
analytical skills to maximum advantage and at the highest 
level. He has no responsibility for administrative details. He 
can call in any specialists he may need. He has full access to 
all available information— military, academic and industrial. 
Furthermore, specialized research projects and laboratory 
work can be carried out at his request by other departments 
of RCA. 

THE MEN— The men who form the technical staff are a group 
of mature scientists and engineers. They are accustomed to 
responsible positions in industrial research, advanced devel- 
opment, or systems planning. Most of them have an exten- 
sive background in the broad fields of electronics, vehicle 
dynamics (space, marine or terrestrial), physics (astro, 
nuclear, or plasma), or operations research (military science). 
All are men who enjoy seeing the fruits of their work have a 
far-reaching effect on the defenses of the country. 

THE LOCATION— Princeton offers unique civic, cultural and 
educational advantages. The RCA Advanced Military Sys- 
tems Department itself occupies a new, air-conditioned 
building on the quiet, spacious grounds of RCA’s David 
Sarnoff Research Center. 

INQUIRIES ARE INVITED— If you are interested in learning 
more about this far-reaching program and the unusual op- 
portunities it offers to qualified men, write: 

Dr. N. I. Korman, Director 
Advanced M Hilary Systems, Dept. AM-2K 
RADIO CORPORATION OF AMERICA 
Princeton, New Jersey 
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CANNON RF COAXIAL PLUGS MEET ANY CHALLENGE. . .ANYWHERE 


CANNON 
g! PLUGS 


ft. in the thunderstorm cells and areas 
around them. It was also shown that ex- 
treme turbulence may exist not only in the 
thunderstorm cell but up to five miles 
around it. 

The pilots of another Viscount observed 
Flight 75 deviate at the Westchester onmi. 
At that time these pilots, using radar, noted 
no indications of severe thunderstorm cells 
on airway V-3. Consequently, they con- 
tinued on the airway and experienced no 
difficulty. An executive pilot also stated 
that from a location north of the acci 
dent scene he observed a severe thunder- 
storm cell on airborne weather radar near 
the accident scene. He described it as 
twice as strong as any other in the vicinity. 
He immediately altered course to avoid it. 
Still another pilot operating according to 
visual flight rules reversed course in the 
accident area to avoid instrument con- 
ditions of a thunderstorm. 

ANALYSIS 

On the basis of all the available evidence 
it is the Board's analysis that the in-flight 
disintegration occurred as the result of loads 
imposed on the aircraft which exceeded its 
design strength. It is the Board's opinion 
that the forces were from a high indicated 
airspeed in turbulence. The Board believes 
that this airspeed was generated during an 
involuntary descent from 14,000 ft. which 
followed loss of control of the aircraft in 
extreme turbulence. The Board is convinced 
that no pre-existing weakness or condition 
contributed to the breakup and that no 
malfunction or failure of the aircraft, its 
systems, or its components led to the cir- 
cumstances under which the disintegration 
occurred. 

From examination of the major fractures, 
breakup patterns, and from design considera- 
tions it is believed that the initial failure in 
the destruction sequence was the nearly 
simultaneous downward failure and separa- 
tion of the horizontal stabilizers at the No. 2 
hinge points. This is confirmed by the fact 
that the symmetrical stabilizer failures could 
only occur with both wings intact. Also, 
under ultimate loadings on the aircraft the 
stabilizers would be expected to fail first. 
Furthermore, the breakup sequence and the 
nature of the mass of fractures arc entirely 
consistent with this as the initial occurrence. 

Following separation of the right and 
left stabilizers the aircraft pitched down 
violently so that all four nacelles broke 
upward from combined inertia and gyro- 
scopic loads. Immediately thereafter both 
wings were subjected to extreme downloads 
under which the right separated and the 
structural integrity of the left wing was des- 
troyed. With the nacelles, right wing, and 
stabilizers gone, drag induced by the left 
wing yawed the fuselage violently to the 
left. Forces to the left tore off the vertical 
fin with portions of the fuselage attached, 
the latter already weakened when the left 
stabilizer stub tore away. During the sub- 
sequent gyrations the left wing broke up, its 
fuel cells were opened, and the flash fire 
occurred. At the same time the remaining 
fuselage disintegrated. The Board believes 
that the major disintegration sequence took 
less than one second and that during the 
latter part of the sequence occupants of the 
plane were exposed in a random manner to 
the flash fire and attendant high concentra- 
tion of carbon monoxide. 


The high indicated airspeed which the 
Board believes existed at breakup is sug- 
gested by several singular factors which, in 
their cumulative value and with the over- 
all patterns of evidence, make the existence 
of excessive speed nearly irrefutable. 

An important consideration is that unless 
an airspeed in excess of cruising was present 
the strength of the Viscount is such that 
forces causing the horizontal stabilizer fail- 
ures which occurred cannot be developed. 
Below cruising speed the horizontal tail- 
planes will stall at loadings less than those 
necessary to cause failure. 

The high indicated airspeed is also sug- 
gested by the structural damage to the pas- 
senger seats, propeller reduction gearing 
assemblies, the engine mount “W” struts, 
and possibly by the ante-mortem injuries to 
two or three passengers. The damage and 
the injuries resulted from pnllup loads 
which were in the opposite direction to the 
loads imposed on these subjects by the 
breakup forces. This damage had to be 
made prior to the breakup and is com- 
patible with a descent in which high speed 
was attained, followed by a recovery in 
rough air in which positive "g" forces had 
to have occurred. 

A further indication of an excessive air- 
speed and one more definitive of the 
amount was the blade angle of the No. 3 
propeller, 52 deg. It is believed the indica- 
tions of blade angle were made during 
breakup, therefore, airspeed calculated from 
the blade angle would be valid at that 
time. From technical data relating to air- 
speed and propeller blade angles it was 
shown that with the 52-deg. angle there is 
no throttle position at which true airspeed 
could be less than 295 kt. Because this 
airspeed is excessive it is entirely logical to 
assume the throttles would have been closed 
to slow the aircraft. With the throttle 
closed a 52-deg. blade angle reflects a true 
airspeed of 335 kt., which is 15% in ex- 
cess of the Viscount never-cxcced speed or 
about 5% in excess of V D , the maximum 
speed demonstrated in certification. Loads 
at such an airspeed, combined with gust 
and/or maneuvering load, could easily ex- 
ceed the strength of the aircraft. 
Involuntary Descent 

From the evidence of a high airspeed, 
combined with pullup forces already dis- 
cussed, it is the Board’s opinion that an 
involuntary descent occurred before the in- 
flight disintegration. Hie foregoing con- 
clusion is supported by the fact that the 
breakup occurred at about 5,000 ft. and it 
is not reasonable, under the circumstances, 
to believe that a voluntary descent would 
have been made. The configuration of the 
aircraft at breakup— gear up and flap re- 
traded— is also inconsistent with a voluntary 
descent under the turbulent conditions 
known to have existed. Finally, believing 
that Flight 75 was at 14,000 ft. about 1610 
and that the aircraft disintegrated some 
5,000 ft. above the terrain about 1613, a 
descent of 9,000 ft. in three minutes or less 
is evident. Again, a descent occurring under 
these factors of time and altitude would not 
be less than 3,000 fpm. and not less than 
V„„ This evidence serves to confirm the 
aforementioned speed indicated by the 
propeller blade angle. 

The evidence clearly shows the existence 
of large, rapidly developing thunderstorms 


in the area of the accident and that ex- 
treme turbulence most probably existed in 
and around the thunderstorms. From all 
evidence the Board firmly believes extreme 
turbulence was encountered and a loss of 
control occurred resulting in an involuntary 
steep descent. During the final stages of the 
recovery loads in excess of design strength 
were imposed on the aircraft causing dis- 
integration. 

The Board knows of no evidence in this 
accident from which it can determine the 
sequence of events and factors immediately 
attending the situation in which loss of 
control of the aircraft occurred at 14,000 
ft. Such factors may be numerous and 
varied. The Board recognizes the pos- 
sibility that Capt. Paddack may have been 
attempting to cross the line of thunder- 
storms to re-establish the flight on V-3 
airway. In doing so he may have selected 
an opening in the thunderstorms which 
closed causing loss of visual reference and 
then entered a thunderstorm which was 
obscured. It is considered possible under 
a similar occurrence that Capt. Paddack 
attempted to maneuver out of such a situa- 
tion and placed the aircraft in a turning 
configuration in which the aircraft could 
more easily be placed in a unusual attitude 
and in which control techniques would be 
more critical. Under any consideration the 
pilot’s technique and psychological approach 
to thunderstorm penetration are important 
factors. In its considerations the Board was 
also unable to rule out with complete de- 
finitiveness the possibility of a cockpit dis- 
traction or instrument failure at a critical 
moment. 

No Advisory 

Because Flight 75 was released at 1435 
with 1400 weather attached to the release 
and because the crew was apparently at the 
aircraft considerably before flight time, the 
Board believes that Capt. Paddack did not 
receive the 1415 flash advisory. While the 
flight was en route no action was taken to 
ensure the flight had this information or to 
provide it with available radar information 
concerning thunderstorms along the route. 
The advisory would have delineated the 
position and movement of the line of 
thunderstorms along the route and would 
have indicated that they were expected to 
increase in intensity. Radar information 
could have indicated the individual posi- 
tions of the thunderstorms. While it is not 
possible to state the action Capt. Paddack 
would have taken had he received the in- 
formation the Board believes it would have 
supplemented substantially what he could 
sec, thus providing him with more informa- 
tion on which to base his decisions. Cer- 
tainly, according to the carrier’s operations 
manual, this information fitted the descrip- 
tion of information which should be fur- 
nished a flight. 

CONCLUSIONS 

From all the evidence, the Board con- 
cludes that Flight 75 deviated at the West- 
chester oinni to circumvent thunderstorms 
which were visible on the airway of intended 
flight. At 14,000 ft. and at reduced air- 
speed a course of about 240 deg. was 
followed which closely paralleled a Tine of 
thunderstorms associated with a cold front. 
The Board concludes that the flight pene- 
trated an area of extreme turbulence in the 
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WITH AIRESEARCH 

IN ELECTRONICS 

A 

rtiResearcli expansion in electronics and electronic* 
clianical activity is creating outstanding positions at all 
levels for qualified engineers. 

CONTROLS ANALYSIS 
Work in preliminary design stage involves servomech- 
anisms analysis and analog computer techniques. 

Openings also exist in the following areas: Flight 
Systems Research . . . Data Systems Research . . . Flight 
Data Components... Instrument Design... Airborne 
Instrumentation Analysis and Design ... Electromag- 
netic Development. 



^Research Manufacturing Division 


9851 So. Sepulveda Blvd., Los Angeles 45, California 


immediate vicinity of a severe tlmndyrstorm 
which resulted in loss of control of the 
aircraft. This resulted in an involuntary 
descent during which high airspeed was 
generated. Aerodynamic loads from the 
airspeed, recovery, and turbulence then ex- 
ceeded the design strength of the aircraft, 
causing it to disintegrate. 

The Board concludes that Capt. Paddack 
did not receive the HI 5 flash advisory 
prior to departure and that dispatch did 
not pass this and other available weather 
information to him en route. It is be- 
lieved that the information would have 
materially assisted the captain in his 
appraisal of the situation and thereby 
given him more information on which to 
base his operational decisions. From this 
nonaction the Board must conclude that 
Capital dispatch did not asssist the pilot 
to the ultimate of its capability. 

The Board fully recognizes that there are 
many factors in adverse weather phenomena 
that arc difficult to assess accurately. Tire 
Board has therefore advocated every prac- 
tical asssislancc to pilots transporting the 
public. The Board believes, that aircraft 
radar has proved to be such an assistance, 
particularlv in modern high-performance air- 
craft. While it is impossible to predict 
precisely the action which would have been 
taken by the captain had the airborne radar 
been operable, there is evidence to indicate 
the likelihood that the area of turbulence 
could have been avoided through the use of 
airborne radar. The Board therefore con- 
cludes that the provision of airborne radar 
on such aircraft would enhance aviation 
safety. 

PROBABLE CAUSE 

The Board determines that the probable 
cause of this accident was a loss of con- 
trol of the aircraft m extreme turbulence 
resulting in an involuntary steep descent 
following which aerodynamic loads from 
high airspeed, recovery, and turbulence ex- 
ceeded the design strength of the aircraft. 

By the Civil Aeronautics Board: 

James R. Durfce 
Chan Gurney 
Harmar D. Denny 
G. Joseph Minctti 
SUPPLEMENTAL DATA 

The Civil Aeronautics Board was notified 
of this accident shortly after occurrence. 
Investigators were immediately dispatched to 
the scene and an investigation was con- 
ducted in accordance with the provisions of 
the Federal Aviation Act of 1958. A public 
hearing was held in the Southern Hotel, 
Baltimore. Md„ on July 8. 9. 10. 1959. 

Air Carrier 

Capital Airlines. Inc., is a Delaware cor- 
poration and maintains its principal offices 
in Washington, D. C. The corporation 
holds a current certificate of public con- 
venience and necessity issued by the Civil 
Aeronautics Board to engage in the trans- 
portation of persons, property, and mail. 
It also possesses a valid air carrier operating 
certificate issued by the FAA. 

Flight Personnel 

Capt. William C. Paddack, age 53, was 
employed by Capital Airlines on Oct. 1, 
1930. and was promoted to captain June 
<5, 1938. lie held a valid airman ccrtifi- 
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cate with an airline transport rating tor 
airplane, multi-engine land, and DC-3. 
DC-4, Lockheed Constellation. Vickers 
Viscount aircraft ratings. Capt. Paddack had 
accumulated 22.260 flying hours, of which 
1,945 were in the Viscount. Ilis last first- 
class physical examination, taken on Dec. 1 3. 

1958, was satisfactory, with no waivers. His 
last semi-annual proficiency check of Nov. 
23, 1958, and his last line check of Jan. 19. 

1959, were satisfactory. 

Copilot Michael J. Flahaven. age 27. 
was employed by the company on Apr. 18. 
1955. He held a valid airman certificate 
with an airline transport rating for airplane, 
multi-engine laud and airemft rating for the 
DC-3. Mr. Flahaven was qualified as cap- 
tain on DC-3 aircraft Apr. 22. 1958. He 
had accumulated a total of 4.073 flying 
hours, of which 2,033 were as copilot on 
the Viscount. His last first-class phvsical 
examination of Nov. H. 1958, was satis- 
factory, no waivers. His last proficiency cheek 
and instrument certification was satisfac- 
torily completed Dec. 15. 1958. 

Hostess Doris E. Gulick was employed 
July 20, 1952. Hostess Sue Ann Wessell 
was employed Apr. 26. 1957. 

Viekcrs-Armstrongs Viscount, Model 
74 5D, N 7463. bore manufacturer’s serial 
number 287. It was manufactured Dec. S, 
1957, and purchased by Capital Airlines 
Jan. 25, 1958. Since new the aircraft had 
accumulated 4.180 hr. The aircraft was 
powered by Rolls-Royce Dart engines. 
Model 510. which were equipped with Rotol 
propellers, Model (c) R1 30/4-20-4/1 2 with 
RA 25842 blades. 

B-58A Averages 
21 mi. per Minute 

High altitude run on Oct. 15 of 
Air Force's Convair B-58A from Seattle, 
Wash., to Ft. Worth. Tex., covered 
1,680 stat. ini. in 80 min. for an aver- 
age speed of 21 mi. per minute. The 
aircraft was a production line plane, 
carried a standard pod, and was the 
same plane which previously had made 
a high-speed low-level run between Ft. 
Worth and Edwards AFB. 

Top altitude was over 50,000 ft. and 
speed was maintained in excess of 
Mach 2 for more than one hour. 

En route to Ft. Worth, the plane was 
refueled by an Air Force Boeing KC- 
135 tanker. 


Visual Standards 

Washington— New eye standards and 
eye testing procedures for civil airmen 
have been recommended by a Federal 
Aviation Agency study group. The 
agency is currently reviewing the recom- 
mendations to determine whether new 
visual standards should be established. 
Consultant group makes its report as part 
of the first comprehensive review of 
visual standards for airmen since 1926, 
and FAA Office of the Civil Air Surgeon 
is now studying the recommendations for 
the agency. 




The 

importance 
of being 


YOU 


is important 
at Motorola 


You as an engineer know ... and Motorola knows . . . 
that a project has its best chance for success when you are given 
the opportunity to be yourself. This means expressing 
your ideas in an atmosphere that encourages initiative and 
independence and recognizes accomplishment. As a 
member of a project team, you become a key figure at every 
level of creative engineering, from preliminary conception, 
design, into production, then final evaluation. The success of 
Motorola’s integrated project approach to military 
electronic assignments is a matter of record. A great number 
of diversified positions with rewarding careers . . . plus 
a bonus in better living in the sunniest, healthiest climate in the 
United States . . . await you in Phoenix. Write today 
to Kel Rowan, Dept. H-12. 


OPPORTUNITIES 
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WHO'S WHERE 


What 
makes a 
missile 


At Raytheon, successful design and de- 
velopment of advanced missile weapons 
systems are the result of a closely knit 
team effort . . . the combined contributions 
of many engineering minds. And at 
Raytheon, Missile Engineers enjoy the 
exceptional rewards and advantages of- 
fered by its largest and fastest growing 
division. 

Location: Bedford, Mass. Suburban 
New England living . . . only minutes from 
Boston’s unexcelled educational oppor- 
tunities. Relocation allowance. Pick your 
spot on the Raytheon team. Immediate 
openings for Junior and Senior Engineers 
with missile experience in the following 


MICROWAVE DESIGN 
(Component and Antenna) 


tick? 


AERODYNAMICS 
COMMUNICATIONS SYSTEMS 
DIGITAL PROGRAMMING 



( Continued from page 23) 

Changes 

John R. Long, chief test engineer. 
Aluminum Company of America’s Cleve- 
land. Ohio, -Development Division, succeed- 
ing Russell G. Anderson, retired. 

Roy J. Graetcr, manager-electronic engi- 
neering. Special Programs Section, Defense- 
Systems Department. General Electric Co., 
Philadelphia. Pa. 

Robert J. Gilson, program director of 
the UI.D-1 "Tall Tom" program, Hoffman 
Laboratories Division, Hoffman Electronics 
Corp.. Los Angeles. Calif., succeeding 
John F. Honey, who has been appointed 
executive engineer, engineering department 
staff. Also: Edgar R. Brastow, manager, 
electromechanical section, engineering de- 
partment of Hoffman Laboratories. 

Dr. William F. Whitmore, consultant 
scientist on the chief scientist’s staff, Lock- 
heed Missiles and Space Division, Sunny- 
vale, Calif. 

Andrew J. Kirchncr, manager-export sales, 
Ex-Cell-0 Corp., Detroit. Mich. 

Dr. -Lloyd P. Smith, director of research 
operations. Aeronutronic, a division of 
Ford Motor Co., Newport Beach, Calif. 
Also: Rear Adm. Thomas G. Warfield 
(USN, ret.), division marketing director. 

Franklin C. Spinney, manager-research 
sales. Allison Division of General Motors 
Corp.. Indianapolis, Ind. 

Craig F. Timmerman, director of air 
traffic rc(|uirements-planning and require- 
ments staff. General Precision Laboratory. 
Inc., Plcasantville, N. Y.. a subsidiary of 
General Precision Equipment Corp. Also: 
Dr. Frank A. McMahon, manager-service 
and support department for GPL. and 
Stanley Hayes, assistant manager. 

Daniel W. Layman, Jr., corporate direc- 
tor of advertising and public relations, Lear, 
Inc.. Santa Monica. Calif. 

Dr. Frank H. Shelton has joined the staff 
of Kam.m Nuclear, Colorado Springs, Colo., 
a division of The Kaman Aircraft Corp. 

Robert D. Hatlock, manager. Inct Divi- 
sion, Leach Corp., Compton. Calif. 

Dr. Mostafa B. Talaat has joined the 
Nuclear Division of The Martin Co., Balti- 
more. Md.. to direct all research and de- 
velopment efforts m the field of energy 
conversion. Also: Clark C. Vogel has 
joined Martin’s corporate staff as assistant 
to the general counsel. 

Philip C. Wright, engineering program 
manager for the B-70 bomber electronics 
subcontract. Military Electronics Division. 
Motorola. Inc., Phoenix. Aria. 

Lionel Robbins, sales manager, Vemistat 
Division. Perkin-Elmer Corp.. Norwalk. 

The Anna Division of American Bosch 
Anna Corp.. Hempstead. N. Y., has as- 
signed Dr. Bernard Litman to direct the 
flight test program of the Atlas guidance 
system at Cape Canaveral. Fla. 

Ross F. Miller, project manager for the 
GAM-S7A guidance system. Nortronics 
Division of Northrop Corp.. Hawthorne. 
Calif. Frank Lynch succeeds Mr. Miller 
as chief engineer. Nortronics’ Electronic 
Systems and l‘.c|uipmcnt Department. 
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EMPLOYMENT OPPORTUNITIES 



SYSTEM DEVELOPMENT 
CORPORATION 

Simla Monica. California • Lodi, New Jersey 


lalytical 

Engineers: 


Want to see the whole 
picture? 

Some engineers are content to stay in their 
own lechnological backyards. But many others 
prefer to work in an inter-disciplinary 
environment, where everything they do is 
concerned with the total system. 

If you are interested in seeing and understanding 
the whole picture, rather than just a small 
segment of it, we think you’ll be interested in 
System Development Corporation. Our 
work is concerned with the design and develop- 
ment of extremely large systems in which 
high-speed digital computers aid men in 
decision-making. The relative capabilities and 
roles of men. machines, and associated 
system components pose intriguing 
problems for creative minds. 

At the present time we have key openings for 
engineers with proved analytical ability in the 
areas of communications, computers and 
associated equipment, simulation, information 
theory, weapons system analysis. Please send 
your inquiry to Mr. E. A. Shaw. SDC. 2404 
Colorado Avenue. Santa Monica. California. 
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BASIC TEST FOR MEDIA SELECTION: 


Ask anyone, 
anyone 
you’re trying 
to sell in the 
aviation market, 
what publication 
he reads and 
respects most. 


A powerful editorial force is a powerful selling force. 


Aviation Week 

intiuding Space Technology 


Aviation's largest engineering-management audience. 
ABC PAID CIRCULATION 71,950 ® © 
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STAFF POSITION 

i Missile Test Systems Analysis | 

high-level position on the test systems analysis staff at its 

fcvel- Excellent starting salary. IdeaMiving and forking j 

Lockheed 

MISSILES AND SPACE DIVISION 

Rochester, N. Y. has 

OPENINGS 
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"Put Yourself in the 

Other Fellow's Place " 


TO EMPLOYERS 

FLORIDA OPENINGS 

FOR 

AIRCRAFT DESIGNERS 
STRESS ANALYSTS 
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EMPLOYMENT OPPORTUNITIES 


ELECTRONIC 


ENGINEERS — SCIENTISTS 

Openings for 

How about 

DESIGN ENGINEERS 

YOUR future? 

for 

Beechcraft is a company where the past 
and the present PROVE the future is 

GAS TURBINE 

interesting and worthwhile. This is your 
opportunity to join an engineering 

ENGINES 


in Solar’s rapidly expanding 

p 

gas turbine programs 
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in sunny San Diego 
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EMPLOYMENT OPPORTUNITIES 


AcJUevetne+it in Action 
at Av CO . . . jjo* 

SCIENTISTS 

AND 

ENGINEERS 


Achievement is habit at Avco! 
A leader in the field of 
atmospheric re-entry, Avco is 
now providing significant 
contributions to basic and 
applied research in Space and 
Missile Technology. 


• ELECTRONICS 

• MATHEMATICS 

• PHYSICS AND CHEMISTRY 

• COMMUNICATIONS 

• MATERIALS 

• FLIGHT TEST ENGINEERING 

• DESIGN ENGINEERING 

• PRODUCT ENGINEERING 

• AERODYNAMICS 

• APPLIED MECHANICS 

• THERMODYNAMICS AND 
HEAT TRANSFER 

Attractive working environment outside 
of metropolitan Boston. The large , fully 
equipped, modern laboratory is close 
to Boston educational institutions and 
cultural events. The division offers a 
liberal educational assistance program 
for advanced study. 

Forward your inquiry to: 

Mr. Richard Rubino 
Manager, Personnel Relations 
Dept. AW-1 1 


201 Lowell St., Wilmington, Mass. 
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Technicians - 


Telemetry. Data Con- 
•erters. Oscillograph 
W Recorders or Range 

ic Instrumenta- 

For your opportunity to relocate in 
Florida with an electronics industry 
leader, address a confidential resume 


Florida. Dept. AW. 
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Force Station. - 


POSITIONS WANT CD 


thoroughly reliable I 


Presently employed airline capt. desires poH- 
Hellcop^tcr pilot desires permanent chance. 


23 years experience — overhaul, maintenance. 


Experimental T 










BUSINESS OPPORTUNITY 




What * S 1.1 9 

your problem: 

Competent men for your staff? 

. . . employment? ... or are you 
looking for — or offering — a busi- 
ness opportunity of special in- 
terest to readers of this publica- 
tion? You can get their atten- 
tion — at small cost — through an 
advertisement in the Employ- 
ment Section of Aviation Week. 
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EMPLOYMENT OPPORTUNITIES 


Opening for 


CHIEF, 

PRELIMINARY 

DESIGN 


'Transistorized.” 
Engineers 

develop the instrument, 
become the expert at 
General Electric’s Instrument Department 


COMPLETE RESPONSIBILITY for small devices “you can 
get your hands on” — gyros, amplifiers, accelerometers, 
servos . . . for missile platforms, sophisticated airborne ap- 
plications. 


in Solar's 
rapidly expanding 
space-age programs 


ADVANCE LEVEL ENGINEERING— broad electrical-me- 
chanical — electronic challenge, from instrument development 
to design to hardware. 

CREATIVE DIVERSITY within one or among several areas, 
as you prefer. Design for military and commercial markets. 


QUALIFICATIONS: 

This is an excellent position for 
a man with strong creative abil- 
ity. He should have an advanced 
degree and about 10 years of suc- 
cessful experience in the design 
of missiles, related equipment, or 
major components and subsys- 
tems. From stated operational 
requirements, he should be able 
to evolve optimum configuration 
and performance details. These 
must integrate aerodynamic, 
structural, avionic and manufac- 
turing requirements. Though he 
will be supported by specialized 
departments in these fields, he 
should be able to do preliminary 
analyses and to advise the spe- 
cialists in their more detailed 
work. As a supervisor he will 
direct a small group of prelimi- 
nary design specialists. 

SOLAR SPECIFICS 
Solar's space-age R&D programs are 
expanding rapidly. Exciting current 
projects include an AREA anti- 
missile defense system. Solar is a 
medium-size company 12.500 peo- 
ple ) with a successful history since 
1937. A new 60,000 sq. ft. engineer- 
ing building will be completed this 
year, in addition to greater career 
opportunities. Solar offers you the 
advantage of living in sunny San 
Diego, California— with the best 
year-round climate in America and 
excellent cultural, educational and 
recreational facilities. 

SEND RESUME. Please send resume 
of your qualifications at the earliest 
opportunity to Louis Klein, Dept. 
E-448, Solar Aircraft Company, 
2200 Pacific Highway, San Diego 
12, California. 

SOLAR 

AIRCRAFT COMPANY 



PROFESSIONAL DEVELOPMENT through product appli- 
cations. government and company-sponsored development 
programs in world's largest measurements lab. 

OUTSTANDING G-E BENEFITS, PLUS the educational, cul- 
tural, recreational, and suburban living advantages of the 
Boston area. 


Select positions 



| INSTRUMENT DEPARTMENT 


, , “ GENERAL^ ELECTRIC 


Searchlight Section 
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GROW WITH AIRESEARCH 

IN ELECTRONICS 

chanicai activity is creating outstanding positions at all 
levels for qualified engineers. 

DATA SYSTEMS RESEARCH 

Experience with physical measuring devices using 

also exist in the following areas: Flight 
Systems Research . . . Controls Analysis. . . Flight Data 

£ 352 ;: ' 




e lo: Mr. T. E. Wat 


fliResearcfi Manufacturing Division 


LETTERS 


Vertol 107 Engines 

The first five production models of 
Vcrtol's Model 107 multi-turbine helicopter 
optioned by New York Airways will be 
powered by General Electric CT58 turbo- 
shaft engines, not Lycoming T53 turbines 
as indicated in the Nov. 9 Aviation Week, 
p. 47. 

Also selected to power the five Sikorsky 
S-61 helicopters recently purchased by Los 
Angeles Airways, the CT58 is the first and 
to date the only U. S. gas turbine certified 
by the FAA for commercial helicopter 

Ralph Heuman 

Manager, Product Information 

General Electric Co. 

Small Aircraft Engine Department 
Lynn, Mass. 

Race for Space 

Mr. Claflin has done us a serv ice by point- 
ing up the "confusion and disagreement as 
to exactly what we arc trying to accomplish" 
in space (AW Nov, 2. p. 134). Perhaps it 
would be useful to discuss this in "Letters." 

I, for one, believe the "race for space” is 
a valid one. With due deference to the IAS. 
I feel quite capable of replying to Mr. 
Chitlin inasmuch as his comments on space 
probes falling into the sun indicate at least 
some ignorance about the conditions under 
which the “race” is being run. 

The goals, as I sec it, have always been 
visible— the planets and asteroids which com- 
pose our solar system — perhaps that is why 
Mr. Claflin finds them too obvious. The 
starting time is hard to define but certainly 
was in the last century in terms of accom- 
plishments, and no runner really got going 
until World War II. The other conditions 
have been set by history and nature — the 
advances in basic technology, the competi- 
tion in missiles armed with nuclear war- 
heads, and the physical laws which govern 
our existence. 

The basic “ground rule" is not mere 
"national physical safety here on earth” but, 
if it can be summed up in a phrase at all, 
national immortality. liv this I mean our 
children’s children's well-being as well as 
our own and their ability to live as they 
choose and govern themselves as they choose 
— including their adoption of a suprana- 
tional government, if they so wish. I would 
also wish that they could look back upon 
their national history with pride. "Im- 
mortality,” realistically, also implies growth 
and continued national stature. 

Exploitation of the resources of our solar 
system — including possible colonization — is 
now within the realm of possibility. Not all 
the advances toward this will, or need be. 
spectacular— I agree with Mr. QaRin— but, 
unless we are willing to accept as a premise 
that the Russians will certainly give up their 
rights to the new frontiers which they are 
reaching first and make the bcuefits of their 
progress freely available to all — and 1 do 
not — then it follows that we must be in a 
position to exercise claims through physical 


Aviation Week welcomes the opinions 
of its readers on the issues raised in the 

letters to the Editor , Aviation Week , 
330 W. 42nd St.. \ew York 36. N. Y. 
Try to keep letters under 500 words and 
give a genuine identification. We will 
not print anonymous letters, but names 
of writers will he withheld on request. 

possession first. Whether we then open 
these frontiers to others, including Russians, 
is another matter, but I have more faith in 
my own government than Russia's. 

There will be other and undeniably im- 
portant advantages from leading the race 
as well — full scientific information; advances 
in medicine, astronomy and technology such 
as have already occurred; improved and 
superior weapon systems and components; 
propaganda; undreamt of discoveries in all 
fields (look at what the Americas meant to 
Europe, for a crude example). The race for 
space is really a struggle for continued na- 
tional existence. 

J. Kendrick Noble, Jr. 

Noble and Noble Publishers, Inc. 

New York. N. Y. 


Pilot Retirement 

Robert Cook's story (AW Oct. 5, p. 36) 
about industry opinion of FAA's proposed 
rule to retire pilots at an age decreed by 
FAA was as complete and unbiased cover- 
age on the subject as a reader would want. 

In your Oct. 26 issue (p. 154), Mr. Alan 
T. English makes some additional observa- 
tions on pilot retirement. I surmise he 
wrote his letter before Mr. Cook's story 
appeared, but his letter prompts this com- 

I agree with one of Mr. English's 
thoughts that 60 cannot be a magical cutoff 
age. However, somewhere along 60 to 63 
pilots should lie willing to retire. It would 
depend upon individual pilot fitness and 
company policy (negotiated?), but it should 
not be bv arbitrary government decree. 

There are statistics and statistics. 

Mr. English points out that data on 27 
aviation accidents involving younger pilots 
is not applicable to older pilots. Similarly, 
I would think that the “abundance of evi- 
dence” of the run of the mill statistics 
should not apply to pilots as a group. 

Aside from their pruna donna attributes 
I have to admit that most airline pilots were 
originally screened for high physical stand- 
ards. Furthermore they liave been medi- 
cally screened and performance checked two 
to five times a year ever since, depending 
upon their affiliations and activities. 

Such screening accomplishes much in the 
wav of concrete evidence. 

Actuarial data on roughly comparable se- 
lect groups appears as favorable to the age 
group 30 to 65 as to the group 40 to 49. 
as I interpret the data. A relatively simple 
medical screening reduces the mortality ex- 
perience among those selected to around 
2533 to 3533 of the normal expected mor- 
talitv within two years following the sclec- 

The table of distribution of deaths by 


causes shows that the percentage of deaths 
from heart or circulatory diseases (FAA's 
worry) varies only approximately 1% be- 
tween the age 40 to 49 group and the 
age 50 to 65 group. 

There seems to be considerable medical 
evidence that a heart incident is not so 
apt to be fatal to a younger man. There- 
fore, I would conclude from the foregoing 
mortality data that there arc probably as 
many, if not more, heart incidents in the 
40 to 49 select age group as in the 50 to 
65 select age group. While there would not 
be as many fatal heart incidents in the 
younger group the incidents would be just as 
suddenly incapacitating as far as an airplane 
driver might lie concerned. 

Now does the FAA propose to fire or 
retire all airline pilots over 40? 

This business of the government deciding 
by age when one cannot steer could get a 
bit involved. Bus drivers would be next. 
Their passengers are more continually ex- 
posed. Buses are not equipped with dual 
controls and drivers; they will run off the 
road or into something quickly if not guided 

But why confine this government think- 
ing to pilots or even bus drivers? Why not 
include some other drivers over 40 or any 
other age out of a hat? In fact, I would 
think it poetic justice if someone could 
persuade FAA to propose a rule that all its 
medical examiners turn in their drivers' li- 
censes unless they can absolutely prove that 
they arc not a hazard to the community in 
any auto not equipped with dual controls. 

Could be that the pilots wouldn't be 
worried about losing their licenses any more. 

Robert E. Trimble 
Washington, D. C. 

Jet Turbulence 

Reference is made to the Nov. 9 edition 
of Aviation Week, p. 133. subject "Piper 
Crash Blamed on C-124 Turbulence." 

It was good to see the CAB accident 
investigation report together with the 
“Safety Message for Pilots." 

This past Oct. 4 I was flying a Piper 
Tri-Pacer out of Zahn's Airport with two 
passengers on a perfect!} 1 dear day. While 
at 2,500 ft. heading toward the south shore 
of Long Island, I pointed out a Boeing 707 
which was crossing our path and which was 
sufficiently far ahead to have the silhouette 
discernible as a 707. I would judge that it 
was between one and two miles ahead of ns. 
When I crossed what had been its path, after 
the aircraft had completely disappeared. I 
had thought that no turbulence could 
possibly exist. We were subject to an e.x- 
trcmclv sharp and sudden bump that rattled 
our teeth, and if it had not been for the 
fact that wc all wore safety belts, an injury 
could have occurred. 

May I add my warning to stay very Clear 
of the paths left by large aircraft despite 
the fact that such aircraft may have dis- 
appeared in the distance. 

Howard S. Steunf. 

Sterne, Carr & Farr Co. 

New York. N. Y. 
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The Checkout 
that says 
GO” or "NO GO” 


APCHE (Automatic Programmed Checkout Equip- 
ment) is a solid-state, universal, high-speed, highly 
reliable, compact general-purpose tester designed 
especially for automatic checkout of aircraft, missile 
and space systems and their supporting systems. 
In its various versions (differing in input media, 
size and weight) APCHE installations may be 
fixed, mobile, airborne or submarineborne. APCHE 
was designed and is being produced as a part of 
RCA’s ground support electronics subcontract from 
the Convair (Astronautics) Division of General 


Dynamics Corporation, prime contractor for the 
ATLAS Intercontinental Ballistic Missile. 

The system being supplied to Convair for the 
ATLAS Program includes a console and four rack 
cabinets providing both analog and discrete test 
functions with a resulting printed and GO-NO GO 
indication. As a product of RCA’s Missile Elec- 
tronics and Controls Department, Burlington, 
Massachusetts, APCHE is one of the latest RCA 
developments in the field of military weapon readi- 
ness equipments. 



RADIO CORPORATION of AMERICA 

DEFENSE ELECTRONIC PRODUCTS • CAMDEN, NEW JERSEY 



ADVANCED 

FUEL MANAGEMENT 


...FROM SMI 




The requirements of accurately tanking missiles with 
propellants is but one of the areas of fuel management 1||S 
in which Servomechanisms, Inc. has demonstrated 
capability. Propellant utilization and thrust control 
are other areas in which SMI has developed highly 
accurate and precise measuring and control systems. 

SMI's LOX Tanking Computer, which has been in production 
for the past year, accurately measures, controls and indicates 
the level of liquid oxygen in missile tanks. Loading is 
• accomplished rapidly and accurately due to a unique 

JP? two-mode control system. The first mode permits 
' extremely high pumping rates until about 

i ,' v - . •! 98% capacity is reached. The second mode 
then takes over and controls a precise propor- 
tioning valve which adds the necessary LOX to fill 
the tank within 0.1% accuracy. The second mode also pro- 
vides continuous topping, thus compensating for LOX evap- 
oration losses during standby. 

SMI has currently in development, more advanced fuel 
management systems to meet the increasingly complex re- 
quirements of the next generation of missiles and spacecraft. 
SMI would welcome the opportunity to discuss and 
propose solutions to your fuel management problems. | j| 
.Vi e for descriptive literature. j| .* 

Positions are available for qualified engineers and 
scientists in the areas of: 

Systems Synthesis and Analysis — Project Management 
— Qualification and Environmental Test Engineering- 
High Vacuum Deposition Techniques. 


LOS ANGELES OPERATIONS: 12500 Aviatjdn Blvd., Hawthorne, Califo 
MECHATROL DIVISION: Westbury, L. L, New. York 
RESEARCH AND development CENTER: Goleta, California 


The products of SMI arc available in Canada and throughout the world through Servomechanisms (Canada) 


Limited , Toronto 1 5, Ontario 



